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Abstract

Objective: To review the pathophysiology, etiology, and treatment of attention-deficit hyperactivity disorder (ADHD).
Data Sources and Data Extraction: A literature search was conducted in PubMed and EMBASE using the terms
attention deficit hyperactive disorder, ADHD, pathophysiology, etiology, and neurobiology. Limits applied were the following:
published in the past 10 years (January 2003 to August 2013), humans, review, meta-analysis, and English language. These
yielded 63 articles in PubMed and 74 in EMBASE. After removing duplicate/irrelevant articles, 86 articles and their relevant
reference citations were reviewed. Data Synthesis: ADHD is a neurological disorder that affects children, but symptoms
may persist into adulthood. Individuals suffering from this disorder exhibit hyperactivity, inattention, impulsivity, and
problems in social interaction and academic performance. Medications used to treat ADHD such as methylphenidate,
amphetamine, and atomoxetine indicate a dopamine/norepinephrine deficit as the neurochemical basis of ADHD, but the
etiology is more complex. Moreover, these agents have poor adverse effect profiles and a multitude of drug interactions.
Because these drugs are also dispensed to adults who may have concomitant conditions or medications, a pharmacist
needs to be aware of these adverse events and drug interactions. This review, therefore, focuses on the pathophysiology,
etiology, and treatment of ADHD and details the adverse effects and drug interaction profiles of the drugs used to treat
it. Conclusions: Published research shows the benefit of drug therapy for ADHD in children, but given the poor adverse
effect and drug interaction profiles, these must be dispensed with caution.
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Pathophysiology of ADHD also increases the risk of motor vehicle accidents and spon-
taneous sexual encounters, which may explain higher rates
of teen pregnancies and incidence of sexually transmitted
diseases in these individuals.>> Lower self-esteem leads to
problems in social relationships, tendency for substance
abuse, and problems with law enforcement agencies.” In
addition, ADHD often presents with one or more comor-
bidities such as oppositional defiant disorder (ODD), major
depressive disorder (MDD), and anxiety disorders, thus
bestowing additional challenges on these individuals.'

Attention-deficit hyperactivity disorder (ADHD) is among
the most common neurobehavioral problems afflicting chil-
dren between 6 and 17 years of age; its prevalence in the
United States is believed to range from 2% to 18% in this
age group.' ADHD is considered to be a heritable, chronic,
neurobehavioral disorder that is characterized by hyperac-
tivity, inattention, and impulsivity.” Three subtypes of
ADHD are now recognized: predominantly hyperactive
impulsive, predominantly inattentive, and a combined type,
characterized by a combination of the first 2 subtypes.'?
Children and adolescents suffering from ADHD experi- IMCPHS University, Worcester/Manchester, NH, USA

ence challenging key formative years. Because of impulsive .
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Figure I. Integration of the hypoactive and hyperactive catecholamine postulates of ADHD: DA (yellow circles) acts on 5 DA
receptors (labeled as D|'D5) that may be present on postsynaptic neurons (shown in blue). The D2 and D3 receptors are also localized
on the presynaptic neurons (shown in dark red). In the absence of an action potential, a small amount of vesicular DA is released

into the synapse by the presynaptic terminal (A). This constitutes the tonic pool that acts on the D_/D, presynaptic receptors, which
provide a feedback inhibition to inhibit the release of DA (B). Following the arrival of an action potential at the presynaptic terminal
(C), a large amount of vesicular DA is released into the synapse; this constitutes the phasic pool (D) that acts on the postsynaptic
receptors. The amount of DA released in the phasic pool is dependent on the feedback inhibition provided by the

D,/D, receptor stimulation by the tonic pool. The action of DA on the postsynaptic receptors is terminated following its reuptake

into the presynaptic terminal by the DA transporter-1 (DAT-I) (E). Similarly, NE receptors are classified as o and f3 receptors, which
are further classified as a, ((xIA, o (xID) and a., (aZA, s oczc) and BI, Bz, and B3 receptors. Like the Dz/D3 receptors, the presynaptic
(., receptors act as autoreceptors but are believed to be present to a greater extent at postsynaptic sites in the brain, with o, being
the most predominant type in the PFC. Like DAT-1, the NE transporter (NET) reuptakes the released NE back into the presynaptic
terminal for storage and future release, and thus, the level of postsynaptic receptors for NE is dependent on both the activity of the
presynaptic a.,, receptors and NET. It is hypothesized that when an individual is bored/fatigued, too little DA/NE is released, thereby
resulting in an insufficient activation of postsynaptic D, and o._, receptors; this leads to the individual being easily distracted and
impulsive. Under stressful conditions, too much of these NTs are released, leading to overstimulation of these receptors, which leads
to misguided attention and responses. A modest stimulation of the postsynaptic receptors of DA/NE favors guided attention, focus,
and organization of thoughts and actions. In ADHD, the tonic pool is hypothesized to be reduced, which allows for a larger-than-
normal phasic release of DA and, hence, disorganized behavior leading to inattention, hyperactivity, and so on. By blocking the DAT-1/
NET, stimulants enhance the tonic pool and thus attenuate the larger-than-normal phasic release caused by the action potential, which

may be the underlying problem in ADHD.

Abbreviations: ADHD, attention-deficit hyperactivity disorder; DA, dopamine; NE, norepinephrine; PFC, prefrontal cortex.

About 60% to 80% of the symptoms of ADHD persist into
adulthood.” Thus, ADHD is not just a childhood disorder
that resolves spontaneously after adolescence. It is esti-
mated that about 4% to 4.5% of adults in the United States
have ADHD.®” Manifestations in adults include inferior job
performance, lower socioeconomic status, and marital/rela-
tionship problems.® Thus, the lower quality of life in indi-
viduals afflicted with ADHD necessitates treatment to avoid
multiple issues that these individuals face as children, ado-
lescents, and adults.

Etiology of ADHD

Although the exact etiology of ADHD is still unknown, ini-
tial hypotheses of reduced brain function were based on
several observations of reduced volume or functionality of
gray and white matter in the brain, leading to deficits in
cognitive processing, attention, motor planning, speed of

processing responses, and other behavioral issues observed
in ADHD.* More recently, the prefrontal cortex (PFC), cau-
date, and cerebellum have emerged as the primary areas
showing deficits in ADHD. These areas are interconnected
by a network of neurons and together regulate attention,
thoughts, emotions, behavior, and actions.”'” Studies in
ADHD patients have shown slower maturation of PEC'" or
a smaller volume and reduced activity of the PFC, caudate,
or cerebellum.’ The network activity between these areas is
“extremely sensitive to the neurochemical environment,”
and is maintained by neurotransmitters (NTs), dopamine
(DA), and norepinephrine (NE) acting in conjunction with
each other via multiple receptors'>" that may be either pre-
synaptic or postsynaptic (Figure 1).'%!"7

Several studies have reported that the DA receptor den-
sity in several brain regions of ADHD patients is lower than
normal.*'®" Polymorphisms of the genes that encode DA
D , receptors (DRD4), DA D5 receptors (DRDS5), and DA
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transporter (DAT-1) have also been reported to cause
reduced functionality of the dopaminergic system.”
Whereas a decreased receptor density or genetic polymor-
phisms related to the NE system in ADHD has not been
determined,” disruption of a,, receptor function leads to
impaired attention and impulse control and hyperactivity.’
Taken together, these studies pointed to a reduced DA and/
or NE function hypothesis in ADHD, which was in perfect
agreement with the mechanism of action of the medications
used to treat ADHD. For example, methylphenidate,
amphetamine, and atomoxetine enhance DA and NE trans-
mission in PFC, whereas guanfacine stimulates postsynap-
tic o, receptors directly.’

However, several studies pointed toward a hyperactive
DA and/or NE system in ADHD."* More recently, an A559V
mutation and a R615C mutation in DAT-1 has been identi-
fied in some ADHD patients, which either increase the
efflux of DA or decrease the presynaptic uptake of DA,
indicating a hyperactive DA response in these individu-
als.'*?'#2 Moreover, methylphenidate and amphetamine
ameliorate ADHD symptoms in the AS59V mutation cohort
by blocking the increased efflux of DA.?' It is also argued
that if a simple deficit in NT level exists in ADHD, direct
stimulation of the postsynaptic receptors should ameliorate
ADHD symptoms. However, administering DA agonists
such as piribedil, amantadine,'* or levodopa/carbidopa
combination™?* does not improve attention in ADHD
patients. Taken together, the studies pointing toward under-
active or hyperactive DA/NE systems imply a more com-
plex etiology of ADHD.

The hypoactive and hyperactive catecholamine hypoth-
eses of ADHD have been integrated by the facts that DA
and NE may exhibit an inverted U-shaped dose-response
curve’ similar to that observed with vitamins, where either
extreme is a problem and that 2 separate pools of DA'* and
NE? exist in the brain (Figure 1). An appropriate level of
DA/NE is required for optimal functioning of the PFC, and
disruption leads to ADHD. Medications helpful in ADHD
restore the delicate balance of the NTs in the PFC and are
discussed later. However, a correct diagnosis of ADHD
must precede prescription of these drugs to avoid exposing
unaffected individuals to these drugs unnecessarily.

Diagnosis of ADHD

Although several imaging studies have investigated the
possibility of finding a diagnostic marker for ADHD,**!
this potential has not yet been realized, possibly because of
the complexity of the disorder itself. Clinicians in the
United States should therefore follow the guidelines set
forth in the Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-V) for diagnosing ADHD.?
However, given that there are 3 subtypes of ADHD, each
with differing symptomatology, the requirement that at least

6 symptoms must be displayed by children (5 for individu-
als older than 17 years) for at least 6 months to be diagnosed
as suffering from a particular subtype of ADHD and that
some degree of functional impairment must be obvious in
multiple settings,'** correct diagnosis of ADHD based on
these subjective criteria is difficult. Comorbidities such as
ODD, MDD, and anxiety disorders create more difficulties
for ADHD diagnosis because of the similarities of these dis-
orders with symptoms and characteristics of ADHD.

Although the criteria listed in DSM-V for ADHD are an
improvement over DSM-IV-TR, they still fail to address the
issue of sex differences in ADHD."** For example, whereas
males are 3 times more likely to have ADHD than females
and exhibit the predominantly hyperactive or combined
type,” females are more likely to exhibit the predominantly
inattentive subtype and tend to suffer from mental impair-
ment and eating disorders.** Males tend to have more prob-
lems with aggression and are more likely to abuse the law.**
Clinicians must be aware of these sexual and developmen-
tal differences between individuals to ensure that ADHD is
not over- or underdiagnosed. Thus, diagnosing ADHD is a
complex and challenging process and must be done by
trained professionals carefully after repeated observations
and reports obtained from parents, teachers, or other care-
givers and ensuring that there are no other underlying disor-
ders that may potentially be mislabeled as ADHD.*

Several rating scales based on DSM-IV-TR were devised
to confer objectivity and quantification to the subjective cri-
teria listed in DSM-IV-TR. These rating scales are broadly
classified as narrow band and broad band, depending on
whether they test for the presence of a specific or a broad
range of behavior/manifestations, respectively.® Whereas
broad-band scales do provide a better overall clinical pic-
ture, the narrow band scales are used more often (especially
for monitoring therapeutic efficacy) for their robustness and
minimum time involved.*® These narrow-band scales may
be based on self-report (by adolescents) or those completed
by parents, teachers, or caregivers assessing internalizing
behaviors (eg, depression, anxiety, and eating disorders)
and externalizing behaviors (eg, hyperactivity, impulsivity,
and inattention), respectively. The adult-reported scales,
therefore, offer a better measure of monitoring efficacy of a
treatment. The more commonly used narrow-band scales in
clinical practice include’’ the Conners Rating Scales—
Revised; Inattention/Overactivity With Aggression (IOWA)
Conners Teacher Rating Scale; Swanson, Nolan, and
Pelham-IV (SNAP-IV) Questionnaire; Swanson, Kotkin,
Agler, M-Flynn, and Pelham (SKAMP) rating scale; ADHD
Rating Scale-1V; Vanderbilt ADHD Rating Scale; and
ADHD Symptom Rating Scale, each possessing its own
strengths and limitations.*

It is imperative for clinicians to recognize that although
these scales are based on DSM-IV-TR criteria for diagnos-
ing ADHD, their limitations®® and their questionable
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specificity and sensitivity should preclude their use as sole
diagnostic criteria for ADHD.*” Lack of specificity in spite
of high sensitivity of the Conners Teacher and Parent Rating
Scales for determining ADHD was recently described,’®
leading to many false-positive diagnoses of ADHD. Thus,
the results of these scales should be limited to document the
subjective criteria listed in the DSM-IV-TR (and thus serve
as a component of the diagnosis)’” and for monitoring the
efficacy of the treatment.

Treatment of ADHD

Treatment of ADHD may consist of drug therapy, behav-
ioral therapy, or their combination. Regardless of the
approach used, treatment is recommended for all children
because early and effective treatment of ADHD has been
reported to yield a better prognosis and fewer problems in
adulthood®” and provide a reprieve to parents and
teachers.”’

Initially, many psychologists believed that ADHD may
be a result of poor parenting; this led to several behavioral
approaches to treat ADHD.***! However, these approaches
were not universally effective in all patients. Following evi-
dence for a neurochemical basis for ADHD, drug therapy
was purported to be more effective than behavioral therapy.
Many physicians combined drug therapy and behavioral
therapy; however, the relative efficacy of behavioral treat-
ment versus drug therapy, the benefit of adding them
together, and the long-term benefit of either of the
approaches used was unknown. These issues were addressed
simultaneously in a landmark study called the Multimodal
Treatment Study of Children with ADHD (MTA). The
results of the study® and the follow-up results have been
published®** and extensively reviewed.>**** Although all
approaches tested in the study were determined to provide a
long-term benefit, drug therapy was superior to behavioral
therapy in managing ADHD symptoms/manifestations and
a combination of the 2 did not have an additive effect.
Behavioral therapy was useful, but the effect was not as
robust as for drug therapy. However, in other studies, behav-
ioral therapy has been shown to be equally efficacious as
stimulants administered at low doses.*’ Therefore, it may be
useful for ADHD patients with mild symptoms and minimal
impairment or when parents prefer it over drug therapy.”’ It
may also be used in conjunction with drug therapy if a par-
tial response is obtained to the drugs approved by the Food
and Drug Administration (FDA) or when comorbid disor-
ders are present concomitantly.*’

Drugs approved by the FDA for treating ADHD include
stimulants (considered first-line agents), such as methyl-
phenidate and amphetamines, and nonstimulants (consid-
ered alternative agents), such as atomoxetine and
extended-release o-2 agonists (guanfacine and clonidine).
Tricyclic antidepressants (TCAs), immediate-release o-2

agonists, and bupropion have been used off-label to treat
ADHD; however, these are used only if the above agents
fail to show benefit or cannot be used. These drugs are dis-
cussed in more detail below. Common adverse events and
drug interactions are summarized in Table 1, and the recom-
mended dose for pediatric, adolescent, and adult patients is
described in Table 2.

Stimulants

Two stimulant-based therapies are approved in the United
States by the FDA for all age groups and include the amphet-
amines and methylphenidate. The FDA recommended dose
for these drugs are listed in Table 2, but the effective dose
needed for most adults surpass the FDA-approved maxi-
mum dose per day and is thus considered as off-label.
However, the data on the efficacy and safety of these higher
doses is limited.*

The stimulants interact with and inhibit DAT-1 and nor-
epinephrine transporter (NET), thereby inhibiting the reup-
take of DA and NE. However, amphetamine also gains
access into the presynaptic terminal via DAT-1 and NET to
release the stored NTs.”'™* Both stimulants inhibit mono-
amine oxidase, the enzyme that metabolizes these catechol-
amines; however, amphetamine is the more potent of the
two.'* Thus, the net effect with either stimulant is to rectify
the level of NTs such as DA and NE in the synapse. The
slightly different mechanism of action between methylphe-
nidate and amphetamine explains why some patients failing
to respond to one stimulant show a better response with the
other.

Methylphenidate and amphetamines are considered as
equally efficacious for long-term treatment of ADHD.™
Both immediate and extended-release forms are available
and have shown equal efficacy in clinical trials.’>
Although extended-release formulations are more expen-
sive than the immediate-delivery forms, they offer advan-
tages of convenience, confidentiality at school/work, and
greater compliance.> In adolescents, the long-acting forms
may also improve driving performance*® and are less likely
to be abused or diverted.’™® However, only immediate-
release forms that are available in small enough doses can
be used in small children because of the risk of overdose
with long-acting forms.*’

The use of stimulants, often lifelong, has raised several
concerns and controversies over the years because amphet-
amines and methylphenidate are ranked as 6th and 12th for
substances known to cause physical harm (alcohol and
tobacco are 11th and 14th) and 8th and 13th for substances
known to cause dependence (cannabis and LSD are 11th
and 14th).” However, stimulants do not seem to inhibit the
NET and DAT-1 in nucleus accumbens (the area in the brain
responsible for reward) when taken as prescribed.*’ In fact,
studies have shown that treating ADHD with stimulants



'$4021qIyul X erdnaJ UIUOI0ISS SANII[BS ‘[YSS s40aIqiyul djerdnad

suriydasuida.ou/uiuolouss ‘YN ‘sauessaadapiue 21940113 ‘syyD | ‘suondeJaiul Snap-8nup ‘|qq ‘S403qIyul 9SEPIXO SUIWBOUOW ‘S|OV|A ‘SUONIE 9SI9APE YV ‘Iap.osip AiandesadAy dyep-uonusne ‘qHAY :Suonels.iqqy

9|OZBUODLIOA ‘|IJEUSP.IBA ‘DUOPOZE.} ‘UPAWO.IY[D3 ‘ShI|0.1DE)
‘SIUNIS ‘SIYSS “J1AeuInbes “aiaeuOlld ‘syuale 3seaauod anbejdoiped ‘suipiuinb
‘auidenanb ‘auopozejeu ‘qiunojiu ‘upexojxow ‘auidezelliw ‘SUopEYIBW ‘IIABUOIL
pue Jiaeuido| ‘winiya| ‘udexopjoas| ‘qiuiede| ‘pizeluosi ‘qunew ‘jopliadoey
‘sonayasaue pareuadoley ‘suidejuensd ‘uiolkusaydsoy ‘9jozeuodny ‘oplureds|y
‘|Aurauay ‘joury3e ‘UPAWOIYIAID ‘UOJRISE|Op ‘UBYdIOYIBWONIXSP ‘DUIPJIALIDP
‘qiunesep ‘auridezuaqo|dAd ‘aured0d ‘auidezo|d ‘auIpiuo|d ‘UAWoJyILIE[D
‘auizewoud.o|yd ‘auinbouojys ‘suouidsng ‘uoidoudnq ‘uiaeuezere ‘suideuase
‘opixoLn djuas.e ‘suiydiowode ‘uiaeusidwe ‘Suoepolwe ‘uisoznyje ‘Suopise.adiz
‘SYDL ‘SIOVIA ‘@N|q auajAyIaw ‘auizepliosaw ‘aulnoidew ‘pijozaul| ‘suoJepauoiq
sy ‘duopozen
‘lopewe.n ‘auljjAydouiwe ‘auljiAydosya ‘usjixowres ‘syuae Iseauod anbejd-oiped
‘syuenwnsoydAsd ‘auns|ixaw ‘pIzeIuos! ‘SUOPI|OZe.ny ‘OPIUIRID]} ‘OUBYID
‘(1IAOJOUD) ‘DUIGRIDLIWS ‘ZUBIIARS) B|dLIIY “JIABUOILI ‘ZUS.IALS ‘SPIOISISOINI0D
2UIBd0D ‘so110YdAsdiue ‘SuBS|NAUODIUE ‘DuIp_IUBWE ‘(PIIBJIPUIRIIUOD)
SIOVIW ‘(P93e21pure.auod) anjq susjAyasw ‘(ps1edipure.iuod) pijozaur]

auopoze.n ‘sulpiyauens ‘sy | ‘@epiuaydjAyrswixsp
‘suidezeliw ‘e3epiusydjAyzsw ‘s19320|q-¢ ‘(paIBdIpUIR.IuU0d) S|IOVIN
saAIsuaIadAynue ‘suripaydeopnasd
‘auido.e ‘|ousanq|e ‘uoidoadng ‘S|YNS ‘S|YSS ‘Pizeiuos! ‘suiwelsydweo.nxsp
‘suiwersydure ‘@1epiusydjAyzswixap ‘srepiusydiAypsw ‘(paaedipuleauod) siOvi
suripaydoopnasd ‘Duiayed ‘sIUBS|NAUODIIUE ‘S|YSS
‘syue|nSeodnue uLieWNod ‘AeplusydiAypawxap ‘suiwelsydwe :23epiusydiAyisly .
saoaqiyui dwnd uoloud ‘syuale Suikjipioe pue Suizife||e ‘saulwels
‘orepiusydjAyswxap ‘e3eplusydjAyzow ‘93eUOqIEd WNIY)

uondunysAp uone[ndeld ‘uonduNnsAp 3|1123J3 ‘siso.piyaadAy
‘ure8 3y31om ‘uangiieay ‘eIsnassAp ‘eay.elp ‘BIXaJ0U. ‘SUNIWOA ‘Basneu
‘uonednsuod ‘sypeie djued ‘eluwosul ‘oposida dluew ‘uonespl [epdINS
‘uonualaJ AJeulIn ‘UoIsiA paaniq ‘yainow AJp ‘Ayredounau essydiiad
‘swoidwiAs [epiwedAdelixe ‘siowaul ‘BIXEIR ‘SIWRIIXD JO seisayrsa.ed
‘ssauquunu ‘saJewnnySiu ‘uonenSe ‘ssaussafisad ‘A1BIXue ‘suoisnjap
‘UOIIEIUBIIOSIP ‘SUOIBUIDN||BY ‘YIBSP UBPPNS ‘UONE|[LIGH JE[NDLIIUSA
‘eIpJedAYde] UBNDLI3UDA ‘BIP.IBDAYDEY ‘SEILUYIAYIE ‘D013 ‘UodJeul
[elpJed0oAw “pojq 1ieay ‘suonedied ‘uoisusiiadAy ‘uoisusrodAH

uone.nuaduod padiedw ‘A1vIxue ‘9dueqmsip Alolipne
‘uolsiA A4uniq ‘saurejdwod Auoedidsaa-aaddn ‘ondney ‘Ajnsoy ‘uoisnjuod
‘uonelide ‘Jowa.y ‘eluwosul ‘suresiw ‘sydepeay ‘sisolpiytadAy
‘sweaJp [ewliouqe ‘eisaupjApe.q ‘eissupje ‘yanow Aup ‘sjurejdwod
[enaasusw ‘9duarodwi ‘ssoj/ures 3yom ‘ysed ‘uonepas ‘Ajiqeili
‘SunIWOA ‘easneu ‘uoedisuod ‘eIXdJ0ue ‘elpaedAydel ‘ssauizziq
ayoepeay ‘uoisusiodAy ‘ssauizzip ‘A3ueyis|
‘easneu ‘ured Jes ‘sumeasdws) Apoq pasea.oul ‘uonedinsuod ‘ssuewnysiu
‘BIUWIOSU] 90D 2.0s ‘sSujuddeme dad|spiw ‘Ajiqearil ‘eipaedApeaq
‘yanow Aup ‘uondayul 35e43 Alojedidsad-saddn ‘ondniey ‘9dusjouwios
B3LI0UBWSAP ‘UondUNySAp 3|11d3.13
‘BlINSAP ‘UonUAJ AJeulin ‘9dudjouwos ‘uonednsuod ‘yanow Alp
‘ured [euiwopqe ‘eluwosul ‘ongiey ‘SuniwoAa ‘easneu ‘@anadde pasesaudsq

sujweadiwy () pue
jluesyo | ‘uiweadion  suiwesdisap () :syD L

X ULAINQIIPAA
“YS ULING|IAA ‘ULING|IDAA uoidoadng
aupeyuens (7)
pue auiptuop ()
Alun3u| ‘Aeadey| s1s1u0dy -0
supaxowole (|)
eIINRIS SJUB|NWIISUON|

WX U204 ‘uljed04 “yYX Iue l'e)
‘euenkeq ‘ea9duo)d ‘qd
2IepEIdY V] UlfEIY YT UllAyIdly

SJUBS|NAUODIIUE ©aY.JeIp ‘BUNIWOA ‘Basneu ‘Al|IqeaLLl “d3 21eprIS}Y “YS UlEy ‘UlldyIal arepiuaydiAypaw ()

‘aunaxowole ‘syD | ‘saAisusriadAynue ‘uoido.adng ‘sopisod4|3 seip.aed ‘yanow AJp ‘a.nssaud poojq pasesJoul ‘A1sIxue ‘Aljiqe| [eUOOWS ‘ulfeary “YX [[e42ppY ‘|[eloppy pue seuiwelaydwe (|)
‘s49320|q-g ‘auipliadaw ‘uluolB[dW ‘|ouURYIS ‘(PRIBDIPUIRIUOD) S|OVIA (YI0g o ‘AiqearL ‘ayoepeay ‘ssof 3ySiom ‘uied [eUILIOPQE ‘BIX3.JOUE ‘BIULLOSU| ‘ISUBAAA ‘B1IUSD 0. ‘DulIpaxa( suRInWIng
laa av SuwieN puelg EEEED)

‘aHQAYV 8unes.] Joj pasn s1uady dnnadessy] Jo suondeasul Snug-Sni pue s109)3 9SISAPY | d]qel

213



(panunuod)

3w g9 ‘asop

AJlep wnwixew ‘paydead S| 3SOP SAIIIYS WNWIUIW Y3 [13UN dm/Sw | ueyl Jayeaud
ou asop aje.n ‘YO od 8w gz-0| ‘[eniul :SINPE pUB ‘SJUIDSI|OPE ‘7 |-9 UIP|IYD
a3e Jo sueak 9> 4o} Y4 Aq paroudde JoN

3w 9 ‘@sop A|iep wnwixew ‘sjeaw

9J0J2q SINUIW GH-0f U el Sasop PapIAIp £-7 ul od 3w gg-07 ‘©Sop A|iep :sinpy
3w o9 ‘asop Arep

WINWIXEW ‘Paydea. S| 9SOP SANISYS WNWIUIW Y2 [UN Sm/Sw |-G ueyl Jaies.s
OUu 9sOp eI ‘S|eaw 3.40j9q piq od 3w g ‘[enIul :SIUSISI|OPE pUR T |-9 UIP|IYD
a8¢ Jo sueak 9> uaJp|Iyd 4o} Y4 Aq paroadde JoN

3w 09 ‘©SOp AJIEp WNWIXEW ‘paydea. Sl 9SOP SAIIIRYS WNWIUIW Y3 [13UN M

/8w g uey) J189U3 OU DSOP e {(SINPE PUE SIUSISI|OPE) A|IBp 9JIM] U0 dduU0 od
3w g “(z1-9 ua4p|y2) Ajrep od Bw § ‘[en1ul :s}NPE pUE ‘SIUSSI|OPE ‘T | -9 UBIP|IYD
8w ( :9SOp A|lep WNWIXBW ‘PaYdBa S| SSOP DANIBYS WNWIUIW Y3

[uUn HSM/Bw g7 ueyl J91eaud ou asop e Ajiep od Sw g7 ‘[emiul :g-¢ UsJIp[IYD
'sanoy 9-4

K49A3 UBAIS aue sasop Sulmo||o} Aue ‘Buluiow Y3 Ul USAIS SSOP 1S.1) SYI YIIM ‘Sasop
POPIAIP Ul UDAIS 9q ued 3sop A|iep [e10) @3e Jo sueak ¢£> 40} Y4 Aq paroudde JoN
3w o/ ‘osop Ajrep

WINWIXEW paydea. Sl 9SOP SAIId9YS WNWIUIW Y3 [un Sm/Sw 0Z-0] Ueyl 491843
ou asop :enn Wy od 8w of ¢ 1 :S3|NPE PUE ‘SIUISB|OPE ‘7 |-9 UBJP|IYD

a8e Jo sueak 9> UaJp[IYd 40} Y4 Aq paroudde 10N

3w Q¢ ‘©Sop AJIlEp WNWIXeW paydea. S| 9SOP SANIDYS WNWIUIW Y2 [1UN Sm/Sw
01-S ueya Ja1e243 ou asop a1e.nn {LWyO od 3w (g ‘[eniul :sIUSISS|OpPE pUE SINPY
Sw Qg ‘@SOp A|lep WNWIXBW ‘PaYIBII S| 9SOP DANIDYS WNWIUIW Y3 |1IUN

(m/3w |-G ueyl 4aesu3 ou asop 21enn LWy od Sw o) ‘[enul 17 |-9 uaJpiiyd
o8¢ Jo sueak 9> uaJp|Iyd Jo} Y4 Aq paroadde JoN

3w o4 ‘@sop Ajiep wnwixew

‘poYDEa. S| SSOP SANIBYS WINWIUIW Y [1UN M/SW G ueyl 1918343 ou Aq asop
918431 !A|lep 921M) 10 dduo od Sw G ‘[eniul :SINPe puB ‘SIUIDSI|OPE ‘7 |-9 UIP|IYD
3w Qp ‘@SOp A|lep WNWIXBW ‘PaYIeBaI S| 9SOP DANIDYS WNWIUIW Y3 |1IUN

Sm/Sw gz ueys ua1eaud ou Aq asop a1enn Ajiep od Sw g ‘[eniul :g-¢ uaJpjiyd
sanoy 9 031 4 AI9Ad UBAIS

aJe sasop 3uIMo||o} Aue pue ‘Sujulow Y3 Ul USAIS SSOP IS.1) Y YIIM ‘SISOP PIpIAIp
ul uUsAI8 9q ued 3sop A|iep [e30) 93e JO SUeak £ URJIP|IYd J0) Y4 Aq paAoudde JoN

3w ] ays 4oy 3dedxa ‘sak :Alljiqe|ieA. dLIBUSL)

3w oF ‘0€ ‘0T ‘01 sypdua.s 3|qejieAy

9|nsded ases|aJ-papusIxa :uoneNW.I04

s34 ‘uonnjos [edo

‘ou ‘39|qea mayd saf 19|qel Y| :A3l|IqE|IBAR DLIBURD)
w /8w

0l “Jw G/8w g ‘uonnjos [edo Bw Q| ‘S ‘G “I9|qed
MaYd Bw 07 ‘01 ‘S 39[ge3 Y| :SYyrduauis d|qe|leAy
uonn|os [eJo 19|qel

9|qEM3YD 19|qE) SSES|R.J-93eIpaW| (SUOIIB|NWIO
saf :A11jiqe[IeAR DlIBUSD)

3w 0z ‘01 ‘S :syadusaas 9|qe|leAy

19|qe) 9SBS|9.-91BIPAWWI :UOE|NW.IOS

ou :A|Iqe|IeA. dlIdUdD)

Jw G/8w g :syadus.is s|qejieAy

UoIIN|OS [€JO :UOIE|NWL.IO

19|91 Y] 8w G 4oy 1dedxa ‘sak :All|Iqe|ieA. dLIBUAL)
3w g| ‘0] ‘g :soInsded

WX 8w 0] ‘G :s39|qE Y| :syaSua.aas 9|qe|IRAY
sa|nsded ases|a.4-papuaIxe

PUE s19|qe) 9SB3[.4-91BIPSWW| SUOIIE|NW.IO

ou :Al|Iqe|IieA. d1IdUdD)

3w 0/ ‘05 ‘OF ‘0€ ‘0T :sYr8uans s|qe|ieAy
9|nsde> :uonejnw.io4

saf :A11|Iqe[IBAR DlIBUSD)

3w 0€ ‘0T ‘S| ‘0l ‘S :syrduauas d|qe|leAy
9|nsde> 9sea|a.4-papuaIXad :UOIIB|NW.IO

sa A :Al|Ige|leAR DlIduUDD)

3w og

PUE ‘0T ‘S| ‘§°TI ‘01 ‘SL ‘G sy1Bua.is a|qejieay
19|qe1 9Se9|a.J-93BIpaWW| {UOE|NW.I0

sanoy
01-8 ‘(eaepiusydidyrew)
V1 uneary

sanoy
p-¢ ‘(e2epiuaydidypaw)
ullAyaaly ‘sanoy p-¢

‘(@aepruaydjAyzaw) uieary

sanoy
S- ‘(suiwersydweoaixsp)
BJIURD O SUNOY G-
‘(suiwrersydweoixap)
aulipaxaQ

sanoy 7|
‘(aulwrelsywexapsi]) asueAAA

sanoy 71-01 ‘(syes
suiwelsydweo.nxsp pue
sulwelaydwe) y¥X |[edoppy

sinoy 9-4
‘(s3jes auiweraydweo.axap

pue sujwelsydwe) |eisppy

suonepusWIWOdaY 3uisoq

A|ige|IeAy D1uaURD) pue ‘syaSua.als ‘SUoiENWLIO]

uondy jo uonein
‘(a143usD) sweN| pueag

‘aHay -oj pasn sauady onnadeJay] o) suonepUsWIWOIRY 3ulso pue ‘syrdua.aig ‘suoiienw.Io 9|qe|leAy g d|qel

214



(panunuod)

3w of ‘@sop A|lep winWiIxXew ‘paydead S| SOP SANIAYD WNwWiuIW

ay1 [nun Sm/B8w ] Ueyl sJow ou asop e Ajiep od 3w (| ‘[eniul :SNpY

Sw § ‘@sop A|iep WinwWiXew {paydead s| SSOP SAIIDYS WNWIUIW Y3 [13Un Sm/Sw
G ueyl aJow ou 3sop e Ajiep od Sw G ‘|eiRIul :SIUSISI|OPE PUB T |-9 USJIP|IYD
a3e Jo sueak 9> UaJp|IYd 40} Y4 Aq paroudde 10N

3w g ‘osop Ajrep

WINWIXEBW PAYDBAJ S| SOP DAIIIYS WNWIUIW Y3 [BUN SMm/3W §-G'7 UBY) dJoW
ou asop 3N ‘piq od Sw §'7 ‘[eniul :[SINPE PUE ‘SIUSISD|OPE ‘SuedA T |-9 USJP|IYD
a8e Jo sueak 9> UaJp|IYd 40} Y4 Aq parouadde 10N

3w 9 ‘OSOp A|IEp WINWIXEW {paydea. S| SSOP DAY

wnwiuiw Y3 [1un Sm/Sw 0Z-0| Uey3 4938943 OU SSOP B3I (POO) INOYIIM

Jo yum O od 3w (g ‘|eniul :synpe pue ‘sjuadsa|ope ‘sueak 7 |-9 uaJdp|iyd

o8¢ Jo sueak 9> uaJp|Iyd 4o} Y4 Aq paroadde JoN

9SN JO SHO9M / DB SSDUDAIIIDYD SII JO DUBPIAD

ou SI 2433 Y g/3W O ‘L~ SPIM ‘Y g/SW 0T ‘€ MP9M ‘Y /3w G| ‘T PIM ‘Y ¢/3w
01 ‘I >°9M :pamo||0} q P|NOYs 3|NPaYds SUIMO|[O4 Y] 'SINOY ¢ 1O} UO SAES| puE
Suiuaow ayy ui Ajrep aduo diy ayy 01 A|dde :syusdsajope pue saeak 7|-9 usJp|iyd
s)npe .10} uonedipul ou a3k Jo sueak 9> UBJP|IYd 10} Y4 Aq paroadde 10N

3w 09

‘asop Ajrep wnwixew ‘[ od Sw g :S3Npe pue ‘sJusdsajope ‘saedk 7|-9 UsJIp|IYyD
a3e Jo sueak 9> UaJp|IYd 40} Y4 Aq parouadde 10N

3w 09

‘asop Ajrep winwixew ‘|1 od Sw Qg :SINpe pue ‘SIuaIS3|OpE ‘suedk 7 |-9 UaJp|iyd
a8¢ Jo sueak 9> uaJp|Iyd 4o} Y4 Aq paroadde JoN

3w 9 ‘asop Ajiep wnwixew

‘payDdEa. S| DSOP SAIBYD WINWIUIW dY3 |1IUN SMm/Sw 0Z-0| Uey3 4938343 OU 3sOp
2361 YO od Sw Qg ‘[eniul :S3Npe pue ‘SJusdsa|ope ‘saedk 7|-9 USJp|IYD

a3e Jo sueak 9> UaJp|IYd 40} Y4 Aq paroudde 10N

(s3npe pue syuadsajope) Sw

L ‘(saeahk 71-9) 8w 4G ‘@sop Ajiep wnwixew {(synpe) Ly od 9¢-g| ‘(sausdssjope
pue sueak 7[-9) WO od Sw g| ‘[eniul :s3npe pue ‘SIusdS|OPE ‘7| -9 UJP|IYD
"PSYDEa. S| 9SOP SAIIDIDYD WINWIUIW dY3 [13UN SM/SW g| uey3 433843 ou

asop 21e.11) ‘A|4ap|2 Y3 Ul Jo a8e Jo sJeak 9> UBJP|IYD 40} Y4 Aq parouadde 10N

3w g9 ‘asop Ajiep wnuwixew ‘pr od 3w (7 :SINPE PUE ‘SIUSDSI|OPE ‘T |-9 UJIP|IYD
a3e Jo sueak 9> UaJp|Iyd 40} Y4 Aq paroudde 10N

ou :Al|Iqe|leA. d1IaUd5)

3w Gp ‘S€ ‘0€ ‘ST ‘0T ‘S1 ‘01 ‘g :syBua.ns 3|qe|ieAy
a|nsded ase3|2.-papuUaIXd :UoHENW.IO

saf :A11|Iqe[IBAR DlIBUSD)

3w o] ‘g ‘g'Z :syadua.ls s|qejieAy

19|qe1 9SBI|9.-91IpaIWI (UOIIB|NW.IO]

ou :Al|Iqe|leA. d1IaUd5)

Jw g/8w g :syadua.is a|qe|ieAy
uoisuadsns

Jo} Jopmod 95ED|9-PIPUIIXS :UONE|NWLIO]

ou :A11|Iqe|leAe. dlIaUaD)

Yy 6/3w o€ ‘Y

6/3W 0T ‘Y 6/3W G| ‘Y /3w Q] :syrua.as 3|qe|ieAY
yo3ed |eW.ISpSURI (UOHEINW.IO

saf :A11|Iqe[IBAR DlIBUSD)

3w 7 ‘0] :syrdua.is o|qe|leAy

19|qe1 9SES|9.J-PIPUSIXS :UONE|NWLIO

saf :A31jIqe[IeAR DlIBUSD)

3w Qg sy18usais d|qe|ieAy

19|qe3 9SED[9.4-POPUSIXS :UONE|NWLIO

s34 :A11|Iqe|IeAR DLIBUDD)

3w 09 ‘05 ‘0% ‘0€ ‘0T ‘01 sydua.as 3|qejieAy
9|nsded 9se3[2.-pPapUSIXd :UOHENWIO

sak :Ai|iqe|ieA. dluBUSD)

3w g ‘9¢ ‘LT ‘8 sydua.as 3|qe|ieAy
19|qe) 9SBD[2I-POPUDIXD (UOIIENWIO]
saf :A31|Iqe[IBAR DlIBUSD)

3w Qg :syr8uaais s|qe|ieAy

19|qe1 9SED|9J-PIPUIIXS :UONE|NWLIO]

sanoy
1 ‘(e3EpIuaydiAyzawxap)
YX Ul[e204

sanoy
9 ‘(saepiusydjAyrswxap)
uijeoo4

sanoy
1 ‘(eaeprusydidyraw)
X ue O

uJom si yozed ay3

uoneunp uo juapuadsp
‘(e3epiusydjAypew) euenifeq

sanoy

8 ‘(d3ep1usydjAyaaw)
Y3 unhysay

sanoy

8 ‘(eepruaydjhyraw)
NEELZAEIN

s.anoy
8 ‘(erepruaydidyaaw)
ao 91epeis|y

sanoy

1 ‘(e3epiuaydiyraw)
€lJ3dUo)

sanoy

8 ‘(erepruaydjAyraw)
S uieary

suonepusWWOdaY 3uisoq

A|Ige|IeAy d1uBuUaD) pue ‘syadua.ig ‘suonejnw.Io]

uondy jo uoneing
‘(a143uaD)) aweN puedq

(penunuod) -z 9|qe]

215



WY31u A19A9 ‘4D Buludow A1aAs ‘| yD ‘uoneasiuiwpy 3nuQ pue pood ‘Y4 SUONBIASIqQY

P/35/8w §°Z ‘©SOp A|iep winwixew s3s0p PAPIAIP Ul p/S/Sw §T-|

Jo 9sop & 03 933 Ajiep od Sw G7 ‘[enIul :SIUSISS|OPE PUE SUBaA T [-9 USIPIYD
S)|NpE J0j uonedIpul ou ‘@3¢ Jo sdeak 9> UAJP|IYd 40} Y4 Aq paroidde 10N
S3SOp PapIAIP T Ul p/3x/3w

G°€ Jo 9sop A|iep wnwixew e 03 dn 33e.3[) [SIUIDSI|OPE puE SUedA 7 |-G UBJP|IYD
S)|NpE 40} uonedIpul ou a8 Jo sdeak §> UaJp|IYd 40} Y4 Aq paroadde 10N

p/3w g :@sop Ajrep wnwixew Ajiep od 8w G| ‘[eniul :s3Npy
SIU9DSI|OpE PUE US.P|IYD 10} UONEJIPUl ON|

Ajrep od 8w Qg JO 2SOp WNWIXEW € O) U SINPY

SJUSISD|OPE PUE UAP|IYD JOJ UONEDIPUI ON|

P/3/8Ww G ‘OSOp A|lEp WNWIXeW ‘S3SOp PapPIAIP Ul p/33/3w

G'Z-| st uisop [ew.ou ‘Ajiep od Sw gz ‘[eniul :sJuUadS3|OpE pue sueak 7 |-9 uaJpjiyd
syuaned drieipad ur SpIdINS JO disiJ 40} SuluIem XOq

>de|q {S)|NpE J0} uonedIpul ou ‘@8 Jo sdeak 9> UaUp|IYd 40} Y4 Aq paroidde 10N
3w  ‘9sop A|iep WNWIXeW ‘paydeal S| 9SOP DANIBYD WNWIUIW [1IUN SM/3w | ueyy
J9120.43 ou asop ae.an Ajiep od Sw | ‘|eniul :sIUSDSS|OPE puE sJeak 7 |-9 USJIp|IYD
s1|npe 40} uonedipul ou 93¢ JO suedA 9> UaJIP|IYd 40} Y4 Aq paroudde JoN
aWpPaq e pue |\\yQ) ‘SOSOP PIPIAIP T Ul USAIS 3q p|noys

P/3W |"0< SOSOP ‘pPaydea. S| SSOP JAIIIIYS WNWIUIW [I3UN SM/3W |°Q UBYyd Ja1ea43
ou asop ae.nn dwnpaq e od Sw | ‘[eRIUI :SIUSISI|OPE puk SJedk 7|-9 USJp|IYD
S3|Npe 40} uonedIpul ou a3e Jo sdeak 9> UaJp|IYd 40} Y4 Aq paroidde 10N

3w gp| ‘@sop Ajrep wnwixew

{S9SOp PapIAIp 7 Ul 4o Ajiep od 3w Q| 03 paie.ain 3q ABW ISOP Y ‘SHIIM $-T
J91). {S9SOP PAPIAIP T Ul J0 Ajiep 3w g 03 paie.nn aq Aew 3sop ay3 ‘sAep ¢

J91je ‘sasop paplAIp ul 4o Ajrep od Sw of ‘[eniul :8%(Q/< SIUSISI|OPE pUe SINPY
S9SOp PapIAIp 7 Ul 40 Ajrep 58w 7' | 01 paje.iny 9q Aew asop oy ‘skep

€ 193je 'S3S0p PAPIAIP T Ul 10 |NJD 10 WYO 31/Bw g0 ‘[eniul 3| 0> SIU9s3|0pY
3w Q| ‘@sop Ajiep wnwixew

{s9sop paplAIp 7 Ul Jo Ajiep od 3w Q| 03 paie.in 3q ABW ISOP Y ‘SHIIM $H-T
J91)& {S9SOP PAPIAIP T Ul J0 Ajiep 3w g 01 pa1e.in 9q Aew asop ay3 ‘sAep ¢

J31ye ‘sasop papIAIp ul 4o Ajiep od Sw of ‘|eniul 8% 0/< PUe saedk 92 uaup|iyd
sasop

POPIAIp T ul Jo Ajrep 8y/3w 7'| 01 paie.n aq Aew asop ay) ‘sAep ¢ J91je ‘sasop
PSPIAIP T Ul 10 D -0 WY /8w §°0 ‘[eniul i3] /S Pue s1eak 9 uap|iyD

o3¢ Jo sueak 9> uaJp|Iyd 4o} Y4 Aq paroadde JoN

saf :A11|Iqe|IBAR DlIBUSD)

8w 0§ ‘ST ‘01 :sYyIdus.aas 3|qe|ieAy

19|qe1 9SB3|2.-9)IpaWIWI UOIIB|NWLIO]

saf :A31jIqe|IeAR D1IaUSD)

3w 051 ‘001 ‘SZ ‘0§ ‘ST 01 :syaBua.s 3|qe|ieAy
19|qe) 95B3|9J-91BIPaWWI {UOlE|NW.I04

saf :A11|Iqe|IBAR DlIBUSD)

3w 00¢€ ‘051 :syrdusais 3|qe|ieAy

19|qe1 9SB3|2.4-PIPUIIXD :UOIIENWLIO]

saf :A31jIqe|IeAR DlIBUSD)

3w 00T ‘0S| ‘001 syIBua.as B|qe|IeAY
19|qe) osead|aJ-pauleisns (uoije|nwJao4

saf :A11jIqe|IeAR DlIBUSD)

3w 00| ‘G/ syIBuauls |qe|ieAy

19]qe) 95B3|9J-91BIPaWWI {UOIE|NW.I04
ou :A11[Iqe|IeAR D1I9USD)

8w ‘g ‘T ‘| syrduanis a|qe|ieAy
19|qe] 9SED|9J-PIPUIIXS :UONE|NWLIO]

ou :A31|1qE|IBAR J1ISUSD)
Sw |0 :syadua.is a|qe|leAy
19|qe) 9SE3|2.J-PApUIXD (UONHE|NW.IO

ou :A11|1qe|IeAR D1I9USD)

3w 001 ‘08 ‘09 ‘OF ‘ST ‘81 ‘01 sYIBud.1s 3|qe|ieAY
a|nsded> ases|a.-a3eIpawiWl :UONEB|NW.IO

sanoy
71-8 ‘(uiweadiw) lueayo

sinoy 71-8
‘(auiweadisap) uiweadioN

sanoy 47
‘(uordoudnq) 1 uLING|IPAA

sinoy 71-8
‘(uoidouadnq) YS ulING|IPAA

sanoy
8-9 ‘(uoidoudnq) urnngjRAA
sanoy

T ‘(audeyuen3d) Aluniu|

sanoy
9-p ‘(duIpiuopd) Aeadey)

sanoy z1-01
‘(eunsxowoie) eiene.ng

suonepuswWoday 3uisoq

A|Ige|IBAY D1JBUSD) puE ‘syaSusaig ‘SuoneNW.Io

uondy jo uonein
‘(o11PUaD)) awepN puelg

(penunuod) ‘g aqe

216



Sharma and Couture

217

may decrease the risk of substance abuse,’"** with a more

robust effect apparent when initiated at an earlier age.”
Imaging studies indicate a similar neurobiology between
individuals suffering from ADHD and substance abusers®’;
thus, treating ADHD reduces substance abuse disorders
concomitantly. Stimulant treatment has also been shown to
decrease the likelihood for emergence of MDD, ODD, and
anxiety disorders®® and reduce aggression and antisocial
behavior®® in individuals with ADHD. Nevertheless,
patients or their caregivers must be educated about the
importance of using these as prescribed to ensure that drug
diversion/abuse does not occur because at least 25% of
adults and adolescents admitted to these behaviors in a
survey.”’

Because stimulants improved memory function in a con-
trol population,®® concerns were raised that they may pro-
vide an unfair advantage to ADHD individuals by improving
academic or occupational performance beyond normal.
However, it has been reported that although stimulants do
increase academic productivity as a result of increased
attention and concentration, they do not seem to enhance
learning or improve academic performance in children or
occupational performance in adults diagnosed with
ADHD.*"”° Conversely, reports suggesting that high levels
of DA and NE impair cognition’ led to concerns about
memory impairment by stimulants; but whereas high doses
of stimulants are reported to impair PFC performance in
animals,”' they do not impair memory in the ADHD popula-
tion if used as prescribed.® These data suggest that stimu-
lants have the capacity to normalize attention in ADHD
patients without adverse or enhanced effects on memory if
used as prescribed and reiterate the importance of educating
the patients/caregivers of using these drugs as prescribed.

Whether stimulants affect physical growth is also con-
troversial because evidence refuting as well as supporting
this premise exists. For example, some studies have reported
that no clinically significant difference was observed on
stimulant use.’”’>”® However, other studies indicate that
stimulant use is associated with initial reduced physical
growth,”*”® which is subsequently overcome.”® In 2 stud-
ies,””"’® it was determined that ADHD patients were taller
and heavier to start with, and hence, it was hypothesized
that slowed growth may not be obvious during treatment
with stimulants.”® However, others have hypothesized that
ADHD itself may be associated with a slower growth rate
that resolves in adulthood.” Thus, it is unclear at this time
whether the reduced growth that has been observed in some
studies actually exists and, if so, is a result of the ADHD
itself or of the pharmacological/side effects of the medica-
tions (eg, anorexia). Regardless, it is recommended to eval-
uate children on stimulants every 6 months for height and
weight.”” A drug holiday (weekends, summer, and other
holidays) is recommended in individuals on stimulants
showing reduced physical growth because brief cessation of

therapy seems to eliminate these effects.’” The negative
effects on growth had raised the concern that these medica-
tions may limit or hinder the growth of already compro-
mised brain regions that is observed in ADHD, but
stimulants have been shown to increase the gray matter vol-
ume in the PFC and other areas of the brain in ADHD
patients. '8

Controversy also arose over the association of sudden
death with the use of stimulants, leading to black box warn-
ings by the FDA. However, it was later determined that
underlying cardiovascular problems may have been respon-
sible. Hence, any cardiac structural abnormalities, cardio-
myopathy, or abnormalities of the heart rhythm should
preclude the use of stimulants.® It is reasonable to monitor
the electrocardiogram (ECG) of children exhibiting chest
pain, shortness of breath, and dizziness or those who have a
family history of cardiovascular problems.*

Several side effects (Table 1) are also of concern with
stimulants.*****¢ However, these are more prominent dur-
ing initiation of therapy and do not seem to hinder adher-
ence.®” Gastrointestinal tract (GIT)-related side effects may
be limited by taking medication with or after meals and
encouraging patients to eat larger and more nutritious
breakfasts and dinners,®” when the plasma concentration of
stimulants would be minimal. At this time, serving favorite
food might also help.*® For insomnia, reducing the dose of
stimulants or administering them earlier during the day may
help. a-2 Agonists, cyproheptadine, or melatonin may also
help with insomnia. Anxiety and tics can be reduced by
adding atomoxetine, or antidepressants and o-2 agonists,
respectively.’’

Methylphenidate. Methylphenidate can exist in 2 racemic
pairs of 4 separate isomers (D, L-erythro pair and b, L-threo
pair) because it contains 2 chiral centers. Although both
enantiomers of the threo pair possess stimulant activity, the
L-enantiomer is considered nonsignificant because it under-
goes extensive first-pass metabolism.*® Methylphenidate is
generally preferred over amphetamine despite some reports
that amphetamine possesses slightly better efficacy.” For
example, because of its slower uptake and clearance,” it is
much less likely to produce dependence and physical harm
to the patient as compared with amphetamine.”® Addition-
ally, DA concentrations in the brain are increased by meth-
ylphenidate only when DA is being released actively in the
brain, such as during complex cognitive tasks.”’ Finally,
because methylphenidate is metabolized by hepatic and
peripheral esterases,” drug interactions with other drugs
that are metabolized by cytochrome P450 (CYP) enzymes
are less likely.

The specific formulations of methylphenidate may con-
tain a racemic mixture of the 2 isomers (Ritalin, Concerta,
Metadate, and Daytrana) or may contain just the more
active p-isomer (Focalin).”*” Daytrana is a transdermal
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Table 3. Treatment Guidelines/Recommendations/Algorithms That May Be Followed to Treat ADHD.

Agency/Year

Guidelines/Recommendations/Algorithms

Notes

American Academy of Pediatrics

(AAP), 201 |

American Academy of Child and
Adolescent Psychiatry (AACAP),

2007

Texas Department of State Health .

Services, 2006

Preschool-aged children (4-5 years):
parent- or teacher-administered behavior
therapy; if not available or is not beneficial,
methylphenidate may be used but only in
moderate to severe dysfunction

Elementary school-aged children (6-1 |
years): parent- or teacher-administered
behavior therapy alone or in combination
(preferable) with an FDA-approved
medication

Adolescents (12-18 years): FDA-approved
medication alone or in combination with
behavior therapy (preferred)

For children (6-11 years) and adolescents
(12-18 years): FDA-approved medication
(stimulants or atomoxetine); if not
beneficial, seek expert opinion for ADHD
diagnosis; if diagnosis is confirmed,
behavioral therapy alone or in combination
with medications not approved by FDA
should be used
Stage 0: Nonmedication alternatives
following diagnosis
» Stage |: Methylphenidate or
amphetamine
» Stage 2: Agent not used in stage |
» Stage 3: Atomoxetine
» Stage 4: Bupropion or TCAs
» Stage 5: Agent not used in stage 4
» Stage 6: 0.-2 agonists

Methylphenidate use in this population is
off-label. Although dextroamphetamine
is approved for use in this population, its
use is not recommended because of lack
of safety and efficacy data. Metabolism of
stimulants in this population is slower;
hence, a smaller initial dose and slower
upward titration is recommended

The evidence for use of FDA-approved
medications is strongest for stimulants,
followed by atomoxetine, extended-
release guanfacine, and finally, extended-
release clonidine; hence, most clinicians
may use this sequential approach

If substance abuse or medication diversion is
an issue in this age group, stimulants with
less abuse potential (Vyvanse, Daytrana,
or Concerta) or nonstimulants should be
used

Extended-release guanfacine and clonidine
were approved by the FDA after these
recommendations were published; hence,
the recommendation for using an FDA-
approved medication includes stimulants
or atomoxetine only

Any stage(s) can be skipped depending on
the clinical picture. Note that extended-
release o.-2 agonists were approved years
after this algorithm was published

Abbreviations: ADHD, attention-deficit hyperactivity disorder; FDA, Food and Drug Administration; TCAs, tricyclic antidepressants.

patch and, hence, may be preferred by patients who may
find swallowing solid dosage forms difficult; additionally, it
provides greater bioavailability than orally administered
dosage forms because of the lack of a first-pass effect.”’
Oral dosage forms are available in immediate- as well as
extended-release versions in multiple strengths with small
increments of the dose of the drug. Manipulating the dose is
thus easy for producing the desired effect with minimal side
effects. Because individual differences exist between
patients in their responsiveness to medications, the dose is
titrated upward slowly every 1 to 3 weeks’*”** from the
recommended starting dose, often based on body weight.”
If extended-release forms are to be used ultimately, titration
should be conducted with them directly.”’

Proprietary extended-release versions are formulated to
release different amounts of drug over a 24-hour period.
Thus, whereas Ritalin LA releases 50% of the dose in each
of the 2 bursts, these values are 22% and 78% for Concerta
and 30% and 70% for Metadate CD. The latter were
designed following reports that a system delivering a higher
concentration in the afternoon provided a superior treat-
ment response than the one providing a steady-state con-
centration'®'%?; this may also explain why switching
proprietary medications sometimes elucidates a better treat-
ment response.

Regardless of the proprietary medication used, methyl-
phenidate has similar pharmacological and side effects
(Table 1), but the dosing recommendations may differ



Sharma and Couture

219

(Table 2). All formulations carry a high risk for abuse and
dependence if not used as prescribed. Various drug-drug
interactions are also possible (Table 1)**’; thus, dose
adjustments may be needed for many drugs that may be pre-
scribed concomitantly with stimulants. Daytrana can cause
irritation at the application site, vomiting, tics, and emo-
tional instability.”” The patient should be advised to place
the patch on a clean, dry, hairless area of the hip for a maxi-
mum of 9 hours, at least 2 hours before the benefits of this
medication are needed. The patient should also be advised
to rotate the site of application daily, not to share the patch,
and dispose it carefully to avoid being ingested by pets or
toddlers.'”

Amphetamine Salts. The most commonly used amphetamine
formulations include Adderall XR and Vyvanse containing
amphetamine salts, and prodrug lisdexamfetamine, respec-
tively. Both p- and r-optical isomers of amphetamine are
active. Common side effects are similar to that of methyl-
phenidate (Table 1).'°*'® Amphetamines are metabolized
by CYP1A2, CYP2C9, CYP2D6, and CYP3A4'™; hence, a
multitude of drug interactions are possible (Table 2).'**1%
Additionally, CYP2D6 isoforms generate slow and fast
metabolizers in the general population; thus, higher amphet-
amine concentrations may be observed in Latinos and Afri-
can Americans and about 7% of Caucasians.”® A slow
upward titration of the dose as recommended for methyl-
phenidate may, in part, avoid the precipitation of severe side
effects and/or toxicity in these slow metabolizers. Both for-
mulations containing amphetamines carry a potential risk
for abuse and dependence as well as neurotoxicity if not
used as prescribed.'” However, the release and absorption
of amphetamine is slower with lisdexamfetamine, thereby
limiting the euphoria and, hence, its abuse potential *”**

Nonstimulants

Although stimulants are considered first-line agents, they
may not be suitable for nearly 30% of ADHD patients.'”!'*®
Nonresponsiveness or partial responsiveness to stimulants;
intolerance to their side effects (eg, insomnia); presence of
medical issues such as psychiatric, cardiovascular, or tic
disorders; and family aversion to controlled substances may
require alternative agents categorized as nonstimulants for
either replacing stimulants or added as adjuncts to treat
ADHD. The FDA approved nonstimulants for treating
ADHD are atomoxetine (Strattera) and extended-release
a.-2 agonists clonidine (Kapvay) and guanafacine (Intuniv).

Nonstimulants are believed to possess a less-robust effect
than stimulants.>”*® However, well-controlled, head-to-head
comparison trials do not exist, and the superior efficacy of
stimulants (methylphenidate) over nonstimulants (atomox-
etine) is based on several meta-analyses.’”***1%!1% Some
studies®’and meta-analyses''' have determined noninferiority

or equal efficacy of these 2 drugs, but the study methodolo-
gies and different outcome measures used in meta-analyses
may partly explain this discrepancy. It is argued, however,
that because most studies are conducted short term, they
favor the stimulants because nonstimulants generally take
several weeks to show their full effect.*''>!"* These issues
underscore the need for long-term, randomized, double blind,
placebo-controlled, head-to-head comparison trials between
the 2 groups of drugs.

Atomoxetine (Strattera). Atomoxetine (Strattera) is approved
by the FDA for treating ADHD in children, adolescents, and
adults. Like stimulants, atomoxetine increases the availabil-
ity of both NE and DA in the synapses of PEC'"* to improve
the PFC function in ADHD patients."'>!'* However, because
it lacks effects in the striatum and requires at least 4 to 6
weeks to show full effect, it is less likely to be abused than
stimulants.">'"*""” Hence, it may be preferred in patients
where substance abuse is a problem/concern,’”* but the
time lag observed with atomoxetine underscores the need to
counsel patients/caregivers to exhibit patience with this
drug. It may also reduce tics and anxiety’”* and may thus
be useful in patients with these comorbidities.

Like stimulants, atomoxetine also produces the charac-
teristic inverted U-shaped dose-response curve,”’ but the
optimal dose varies between individuals.""® Clinical trials
have investigated 0.5-, 1.2-, and 1.8-mg/kg doses and deter-
mined that the highest doses correlated with better ADHD
symptom control, ODD, mood symptoms, and family func-
tioning.'”™ The FDA-approved maximum recommended
dose, however, is the lesser of 1.4 mg/kg or 100 mg daily. A
slow upward titration from 0.5 mg/kg every 3 to 4 days to
about 1.2 mg/kg is recommended and must be administered
at bedtime for the first 7 to 10 days to overcome sedation.®’

Atomoxetine can be administered once daily in the
morning or twice daily in divided doses. Although the once-
daily administration improves compliance with therapy, it is
associated with more gastrointestinal tract side effects.'”
Atomoxetine is generally well tolerated because side effects
are reported to be less problematic than for stimulants
(Table 1). However, warnings regarding rare hepatotoxicity
and suicidal ideation in children and adolescents were
issued by the FDA in 2005. Liver function tests are not
monitored routinely,'™ but if hepatic impairment is obvi-
ous, initial and target doses should be reduced.'” Several
drug interactions are also of concern and must be taken into
account before prescribing/dispensing atomoxetine (Table
1). Like amphetamine, atomoxetine is metabolized by
CYP2D6'’; hence, a slow upward titration of atomoxetine
as outlined above limits the concern for increased toxicity
in slow metabolizers. Atomoxetine, like stimulants, should
not be administered in patients with uncontrolled hyperten-
sion, structural cardiac abnormalities, cardiomyopathy, and
abnormalities of the heart rhythm.'*’
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a-2 Agonists. Immediate release o-2 agonists such as guan-
facine (Intuniv) and clonidine (Kapvay) are FDA-approved
agents to treat hypertension but were used off-label to treat
ADHD.'?""'? Extended-release forms of these drugs were
recently approved by the FDA to treat ADHD in children
and adolescents. Like atomoxetine, these drugs (in addition
to TCAs and bupropion) may possess inferior efficacy as
compared with stimulants but may be as efficacious as
behavioral therapy.*”'* Thus, behavioral therapy is recom-
mended before using these agents.”’

Guanfacine and clonidine act on the presynaptic and
postsynaptic o, receptors present in the neuronal cells.
Because the amelioration of ADHD symptoms is believed
to rely on stimulating postsynaptic o, receptors and guan-
facine is more selective than clonidine at these receptors,'*
it may show better efficacy than clonidine. The selectivity
of guanfacine toward postsynaptic o, receptors*® in addi-
tion to a longer half-life'"” imparts advantages of lesser
sedation and dizziness than that observed with clonidine.

Guanfacine and clonidine may be administered alone or
in combination with stimulants to counteract comorbid
aggression, tics, or insomnia.’”®” Like atomoxetine, thera-
peutic benefit with these drugs is delayed and observed at
about 4 weeks. Side effects are generally mild (Table 1) but
may affect compliance. Hence, a gradual upward titration is
recommended to determine the effective dose with minimal
side effects. These drugs should not be withdrawn suddenly
because of risk of hypertensive crisis, and hence, patients or
their parents should be educated about the need for perfect
adherence. A 1-to 2-week withdrawal is recommended for
these drugs if they need to be discontinued,’” and cardiac
consultation should be performed in individuals with car-
diovascular problems.” For both these drugs, dose reduc-
tions and monitoring are recommended if used in patients
with compromised liver and/or kidney function.'?""'**

Bupropion. Bupropion is an FDA-approved antidepressant
and a smoking cessation agent but has also been used off-
label to treat ADHD based on several studies.***™'"" Like
stimulants and atomoxetine, bupropion inhibits the reup-
take of both DA and NE but does not carry the potential risk
of abuse and dependence seen with stimulants. It generally
shows faster onset of action than atomoxetine or -2 ago-
nists (~2 weeks) and seems to be as efficacious as these
drugs. However, bupropion use has been associated with
seizures and, hence, should not be used in patients with sei-
zure or eating disorders.*® Side effects are generally mild
(Table 1) and can be minimized with administering bupro-
pion in divided doses.'*

Although both immediate- and extended-release forms
of bupropion are available, twice-daily administration of
the extended-release form is recommended for children and
adolescents because of the shorter half-life in these indi-
viduals.'?® Bupropion is usually initiated at a dose of 3 mg/

kg (100-150 mg for most individuals) and is titrated to 6
mg/kg (300 mg) in divided doses.®” Any single dose of
bupropion should not exceed 150 mg,*” and the dose should
be lowered in case of hepatic of renal impairment.'?’

Tricyclic Antidepressants. The TCAs have been the most
widely used off-label medications to treat ADHD for mono-
therapy; the long duration of action (because of the long
half-life), no risk of abuse potential, and ability to overcome
depression and tics were touted as distinct advantages over
stimulants.”” However, they are generally not preferred
nowadays because of a large number of cardiovascular,
neurological, and anticholinergic side effects and drug
interactions (Table 1) and because they have lesser efficacy
than stimulants. These are, therefore, used only if individu-
als are nonresponsive to stimulants or alternative agents,
cannot tolerate them, or have abuse potential, tics, or
depression.

Imipramine, desipramine, and nortriptyline are the
agents that have been used, but desipramine is least prefer-
able because of reports of sudden death.’” Additionally, the
desipramine dose must be reduced in hepatic impairment.
An ECG must be performed prior to initiating TCAs and
after every dose increase to ensure cardiac safety.’’ Like
every other drug discussed above, these drugs should also
be titrated upward slowly to improve tolerability and like
o-2 agonists, a slow withdrawal should be performed if
these drugs are to be discontinued.'™ The slow upward
titration may also limit the toxicity in slow metabolizers
because TCAs are metabolized by CYP2D6.'®

Therefore, although nonstimulants do not have abuse
potential like stimulants do and are generally better toler-
ated than stimulants, they may possess inferior efficacy and
a longer onset of action. Additional concerns with atomox-
etine (hepatotoxicity and suicidal ideation) and TCAs (side
effects and drug interactions) and the inability to use these
drugs in patients with cardiovascular problems necessitates
finding better drugs to treat ADHD. Recently, a selective D,
agonist, A-412997, has been shown to improve ADHD
symptoms in rats without the abuse and/or dependence
potential.'**'* Another drug that was well tolerated and
seemed to show promise in clinical trials is a nicotinic
receptor agonist ABT-418,"*° but it does not seem to be
under development currently.

Treatment Guidelines

Given the extensive literature available with respect to the
pathophysiology, etiology, and treatment of ADHD, it is
surprising that the treatment guidelines are not well estab-
lished. Physicians, therefore, may have to rely on their clin-
ical experience, the patient or their family’s preference,
presence of comorbid disorders, and any other medical con-
ditions that may preclude the use of the agents of choice.
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The evidence-based clinical practice guidelines formu-
lated and published by the American Academy of Pediatrics
(AAP)"! provides a brief overview for approaching treat-
ment of ADHD (Table 3). Although these guidelines are
useful in describing which approaches should be used, they
do not describe an algorithmic approach to treatment if the
stimulant/behavioral therapy fails to produce a desired
response. A medication algorithm such as that designed in
conjunction with the Texas Department of State Health
Services'” (Table 3) was instrumental in guiding pharma-
cotherapy but was deemed controversial. The American
Academy of Child and Adolescent Psychiatry (AACAP),
therefore, formulated a practice parameter for the assess-
ment and treatment of ADHD in children and adolescents
(Table 3).>” Because extended-release guanfacine and cloni-
dine were approved by the FDA for treating ADHD after the
Texas Medication algorithm and the AACAP guidelines
were published, it remains to be determined whether this
will affect the subsequent algorithm or guidelines that may
be developed. It is entirely possible that following FDA
approval, these drugs may be prescribed more often and,
therefore, may provide a more solid base of evidence for
their use.

The AACAP guidelines also call for periodic assessment
to determine continued efficacy, safety, and need for phar-
macotherapy.”’ Efficacy of the drug can be rapidly assessed
by the rating scales that have already been discussed. Safety
and need for therapy is assessed by monitoring physical
well-being (height, weight, blood pressure, pulse, etc) and
the emergence of side effects or comorbid disorders several
times a year.”” Monitoring for efficacy and safety is gener-
ally not an issue during the slow upward titration phase but
may become one once a patient achieves a stable dose that
shows maximum efficacy with minimum side effects. A
continuous monitoring not only ensures continuous efficacy
and physical/mental well-being but may also provide evi-
dence for cessation of therapy. This may be considered if
the patient has been stable on a particular dose for a long
time and/or a missed dose did not cause deterioration.’’
However, drug withdrawal must be done during low-stress
times, such as summer vacations, and cognitively challeng-
ing tasks must be provided at this time to ensure that remis-
sion has indeed occurred.”’

Conclusions

ADHD is a complex disorder associated with multiple issues
leading to a lower quality of life. A chemical imbalance of
NTs such as DA and NE in the PFC is believed to be respon-
sible, and medications that correct this imbalance are broadly
classified as stimulants (methylphenidate and amphet-
amines) and nonstimulants (atomoxetine, o-2 agonists,
bupropion, and TCAs). These medications have multiple
side effects and drug interactions, and stimulants have a

potential for abuse if not correctly used. Hence, medications
must be initiated at a low dose and gradually titrated upward,
and patients must be monitored continuously for efficacy
and emergence of side effects. Stimulants are considered as
first-line therapy, but the first-line agent chosen is often
patient specific, driven by the patient’s age, preference, and
comorbidities; side effects; and drug interactions.

Given the limitations of current drugs, those that are
highly efficacious, long acting, and devoid of abuse poten-
tial, side effects, toxicity, or drug interactions need to be
discovered. Additionally, well-planned comparison trials of
different drugs available need to be conducted to facilitate
the creation of a medication algorithm that may help stan-
dardization of therapy and care for this population. The dis-
covery of a diagnostic marker of ADHD, although unlikely,
would also aid tremendously in diagnosing this complex
disorder.
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