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This review highlights the current and emerging pharmacological treatments for attention-deficit/hyperactivity disorder. Stimulants
such as methylphenidate are the first-line treatment for improving attention and behavior. Non-stimulants, such as atomoxetine serve
as alternative options, particularly for patients with comorbid conditions or those intolerant to stimulants. Emerging treatments, not yet
available in Korea, include the methylphenidate prodrug, delayed-release/extended-release methylphenidate, and transdermal dextro-
amphetamine, that provide innovative delivery systems for sustained symptom control. Additionally, novel drugs such as viloxazine and
centanafadine show promise as alternatives with potentially fewer side effects, broadening the spectrum of available therapies. As these
new medications become accessible, they may help develop more personalized treatment plans tailored to individual patient needs and

potential side effects.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by inattention and
hyperactivity/impulsivity. The prevalence of ADHD has been
increasing in recent years, with a global prevalence of 10.2%
reported in 2016 [1]. Longitudinal studies suggest that be-
tween half to two-thirds of children with ADHD continue to
experience symptoms into adulthood [2].

Pharmacological treatment of ADHD was first reported
in the early to mid-20th century with the use of stimulants
[3]. Since then, various medications have been identified and
used in treatment. Despite the availability of non-pharma-
cological interventions, treatment guidelines recommend
pharmacotherapy as the first-line therapy, except for very
young children [4,5]. This is because evidence shows that
pharmacotherapy is more effective than other treatments in
reducing ADHD symptoms [6]. However, it is important to
note that non-pharmacological therapies remain essential in
cases where pharmacotherapy is insufficient or causes sig-
nificant adverse effects.

This article reviews the current pharmacological treat-
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ments for ADHD and the new treatment options that are not
yet available in Korea. A summary of the pharmacological
treatments is presented in Table 1.

PHARMACOLOGICAL TREATMENTS
FOR ADHD IN KOREA

Stimulants

Stimulant medications increase the concentration of do-
pamine and norepinephrine in the synaptic cleft of the pre-
frontal cortex. These medications not only improve inatten-
tion and hyperactivity/impulsivity but also reduce problematic
behaviors and help maintain appropriate peer relationships
[7,8]. Stimulants are considered as the first-line treatment op-
tion in clinical guidelines because they are more effective and
have a faster onset of action compared to that of the non-stim-
ulants [4,9]. Two classes of stimulants exist: methylphenidate
and amphetamine formulations. However, amphetamines
are not available in some countries, including Korea.

Methylphenidate

Methylphenidate is categorized based on its duration and
mechanism of action into immediate release (IR), extended
release (ER), and osmotic controlled-release oral delivery
system (OROS) formulations.
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Table 1. Summary of pharmacological freatment of ADHD

FDA KMFDS . .
Formulation Effect size* Note
approval approval
Stimulants
Methylphenidate O @) IR, ER, prodrug, DR/ER, SMD=0.78 DR/ER (methylphenidate, 2018 FDA)
transdermal (0.62100.93) Prodrug (serdexmethylphenidate,
2021 FDA)
Dexamphetamine’ O X IR, ER, prodrug, SMD=1.02 Transdermal (dextroamphetamine,
fransdermal (0.85t0 1.19) 2022 FDA)
Non-stimulants

Atomoxetine O @) - SMD=0.56
(0.45 t0 0.66)

Clonidine (@] @] ER, oral suspension SMD=0.71 Oral suspension (clonidine, 2024 FDA)
(0.24t01.17)

Guanfacine O X ER SMD=0.67
(0.50 t0 0.85)

Viloxazine (e} X ER - ER (viloxazine, 2021 FDA)

Centanafadine X X - - Phase 3 clinical trial

Bupropion X X ER SMD=0.96
(0.22t0 1.69)

Moddafinil X X - SMD=0.62
(0.41 t0 0.84)

*effect size based on clinician’s rating on ADHD core symptom from Cortese et al. [14]; fincludes lisdexamfetamine and mixed am-
phetamine salts. ADHD, attention-deficit/hyperactivity disorder; DR/ER, delayed-release/extended-release; ER, extended-release;
FDA, U.S. Food and Drug Administration; IR, immediate-release; KMFDS, Korean Ministry of Food and Drug Safety; SMD, standard-

ized mean difference

IR methylphenidate reaches its peak plasma concentra-
tion 1-3 h after ingestion, with effects lasting approximately
4 h. This implies that dosing two to three times a day may be
necessary, that can be inconvenient. If medication intake is
not monitored, the child’s attention may diminish shortly,
and potentially worsening symptoms of hyperactivity due
to rebound effects.

To address the disadvantages of IR methylphenidate, vari-
ous ER methylphenidate formulations have been developed.
These formulations maintain their effects for approximately
6-8 h, allowing children to avoid taking medication during
school hours and improving adherence. In Korea, Mediki-
net, that contains a 50:50 ratio of IR to ER methylphenidate,
is available. This formulation provides a rapid onset of effects
by quickly reaching its initial peak concentration, followed
by a second peak concentration 3—4 h after ingestion. This
medication is recommended to be swallowed whole; howev-
er, it can be sprinkled on liquid food if needed.

Concerta utilizes OROS technology to regulate the rate of
drug release. Peak concentration is reached 1-2 h post in-
gestion, providing therapeutic effects for up to 12 h with a
single dose [10]. This extended duration of action is particu-
larly beneficial in clinical practice for children and adoles-
cents who experience functional impairments into the after-
noon and evening.
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The treatment response rate for methylphenidate is ap-
proximately 70%, demonstrating greater efficacy compared
to non-stimulants [7,11]. Methylphenidate treatment has been
associated with notable improvements in neurocognitive
tests and overall quality of life [12,13]. When assessed for symp-
tom improvement, the effect size for methylphenidate has been
found to be large in youths while moderate in adults [14].

Commonly reported side effects of methylphenidate in-
clude loss of appetite, abdominal pain, headache, insomnia,
and irritability. Most side effects are mild and temporary, and
appear primarily during the early stages of treatment [4]. How-
ever, if symptoms persist, they should be monitored and ad-
dressed by reducing the dosage or switching to a different
class of medication [7]. In cases where a particular medica-
tion is most effective, but causes significant side effects, ad-
ditional medications can be prescribed to mitigate these side
effects.

Stimulant treatment may lead to small reductions in height
and weight, but these effects tend to diminish over time, with
minimal long-term clinical effects [15]. Growth monitoring is
recommended to address individual differences. Stimulants
can also reduce total sleep time and delay sleep onset, mak-
ing it advisable to assess sleep quality before starting treat-
ment. Sleep issues can often be managed by adjusting medi-
cation formulation [16]. Although hypertension may occur,



large studies have found no increased risk of serious cardio-
vascular events, such as heart attack or stroke in children and
young adults receiving stimulant medications [17].

Non-stimulants

Atomoxetine

Atomoxetine was the first nonstimulant medication ap-
proved by the U.S. Food and Drug Administration (FDA) in
2002 for ADHD treatment, more effective than placebo in
treating ADHD in children, adolescents, and adults [18]. Ato-
moxetine is a selective norepinephrine reuptake inhibitor
that inhibits presynaptic norepinephrine transporters.

Atomoxetine has a slower effect than that of stimulant
medications, and it may take 6 weeks to reach its maximum
therapeutic effect. The dosage starts at 0.5 mg/kg/day and is
gradually increased at weekly intervals to a therapeutic dose
of 1.2 mg/kg/day, with a maximum dosage of 1.4 mg/kg/day.
The clinical side effects should be prioritized when determin-
ing an appropriate therapeutic dosage. Notably, in cases of
oppositional defiant disorder, improvements were observed
at a dosage of 1.8 mg/kg/day [19]. Although the side effects
increased with higher doses, the medication demonstrated
excellent safety and tolerability at all doses.

Atomoxetine has a lower risk of drug abuse and provides
long-lasting effects with a single dose, covering late evening
and early morning. It is also useful in cases where side effects
such as insomnia or appetite suppression are severe with
stimulant medications, or when comorbid conditions, such
as tic or anxiety disorders, are present. Research has shown
that atomoxetine significantly reduces both ADHD symp-
toms and anxiety in patients with ADHD and anxiety disor-
ders [20]. Additionally, atomoxetine has proven useful as an
adjunct treatment for individuals who partially respond to
stimulants [21].

The most common side effects of atomoxetine include gas-
trointestinal symptoms, such as decreased appetite, abdom-
inal pain, vomiting, and indigestion, and sleep-related symp-
toms, such as drowsiness [22]. These side effects tend to
decrease over time. Otherwise, management by adjusting
dosage or switching medications may be required. Gradual-
ly increasing the dose and dividing the administration into
morning and evening can help reduce early side effects [23].
Routine blood tests and electrocardiograms are not recom-
mended unless clinically indicated. Slight increase in blood
pressure and heart rate are possible, although the extent of
the increase may vary from patient to patient [24]. Reversible
changes in liver enzyme levels and an increased risk of sui-
cidal ideation with atomoxetine use have been documented
in boxed warnings, and parents or guardians should be in-
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structed to report these changes. As with methylphenidate,
atomoxetine can affect final adult height, thus regular mon-
itoring of weight and height is recommended [25]. For adoles-
cent and adult patients, side effects such as erectile dysfunc-
tion, ejaculation issues, and menstrual pain should also be
considered [26].

Clonidine

The alpha-2 adrenergic receptor agonists used for the treat-
ment of ADHD include clonidine and guanfacine, original-
ly approved for the treatment of hypertension. ER Clonidine
is currently available in Korea. Although the effect size for
symptom reduction is smaller than that of stimulant medi-
cations, it is comparable to that of atomoxetine, and many
patients achieved symptom improvement [27]. ER Clonidine
can be used as a monotherapy or as an adjunct to stimulants
and can be helpful in cases where patients experience side
effects such as tics, sleep disturbances, or mood swings dur-
ing stimulant or atomoxetine treatment.

The full therapeutic effect of ER-clonidine may take 1 to 2
weeks to become apparent [27]. The manufacturer docu-
ments that ER clonidine differs from IR clonidine in terms
of its pharmacokinetic profile and should not be substituted
on a mg-per-mg basis. Initial dose is 0.1 mg at bedtime, with
weekly increments of 0.1 mg/day, up to a maximum of 0.4
mg/day. Doses should be administered twice daily, with a
bedtime dose equal to or greater than the morning dose.
When discontinuing ER clonidine, tapering by 0.1 mg every
3 to 7 days is necessary to prevent withdrawal symptoms.

The most common side effects of ER clonidine include
drowsiness and fatigue [28]. ER clonidine has been reported
to slightly lower blood pressure and heart rate, but this did
not lead to medication discontinuation in most patients [29].
Changes in QT intervals were minor and consistent with the
established pharmacological effects of ER clonidine [29]. As
these cardiovascular effects are dose-dependent, it is impor-
tant to gradually increase the dosage as recommended. If tak-
en in excessive amounts, there is a risk of hypotension and
sudden discontinuation may lead to rebound hypertension.

Other medications

Bupropion

Bupropion, an FDA-approved medication for treating de-
pression and smoking cessation, has also shown significant
effectiveness in reducing ADHD symptoms [30]. A system-
atic review of four randomized studies comparing bupropi-
on and methylphenidate found that the efficacy of bupropion
was comparable to that of the methylphenidate [30]. How-
ever, a meta-analysis comparing bupropion to other ADHD
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medications indicated that it had a smaller effect than other
drugs when compared against a placebo [31]. Similar to its use
in depression treatment, the effects of bupropion for ADHD
typically become noticeable over a period of 6 to 8 weeks.
Common side effects of bupropion include mild insomnia,
loss of appetite, irritability, drowsiness, fatigue, headaches,
and, in some cases, worsening of tics.

Modafinil

Modafinil, a drug approved by the Korean Ministry of Food
and Drug Safety (KMFDS) for the treatment of narcolepsy,
has been reported to significantly reduce ADHD symptoms
in children and adolescents [32]. However, it has not been
approved by either the FDA or KMFDS for ADHD treat-
ment. Modafinil can cause side effects, such as headaches,
anxiety, irritability, and insomnia.

NEW TREATMENT OPTIONS FOR ADHD

Stimulants

Serdexmethylphenidate: methylphenidate prodrug

Serdexmethylphenidate was the first methylphenidate
prodrug approved by the FDA in 2021 for the treatment of
ADHD in patients aged six years and older. The medication
is a combination of 30% dexmethylphenidate, an IR stimu-
lant, and 70% serdexmethylphenidate, a prodrug metabo-
lized in the gastrointestinal tract to produce dexmethylphe-
nidate over time. This dual-action formula provides both
immediate and sustained release of the active compound,
treating ADHD symptoms throughout the day. The recom-
mended starting dose for children over six years is 39.2 mg
of serdexmethylphenidate and 7.8 mg of dexmethylphenidate
once daily, with the option to increase the dosage weekly up
to 52.3 mg/10.4 mg. Medication can be taken without food,
and the capsules may be swallowed whole or sprinkled onto
food such as applesauce. No dosage adjustments were re-
quired for individuals with kidney or liver impairment.

A randomized, double-blind study with children aged
6-12 years reported serdexmethylphenidate to be safe and
effective, providing smooth and gradual ADHD symptom
relief throughout the day [33]. The prodrug design allows the
maintenance of plasma concentrations of dexmethylpheni-
date throughout the waking hours, offering continuous symp-
tom management from morning to evening without the need
for multiple doses [34]. Similar to other central nervous sys-
tem stimulants, serdexmethylphenidate carries warnings for
potential cardiac effects, including sudden death in children
with preexisting heart conditions, along with the risks of
abuse, dependence, and growth suppression with long-term
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use. Other possible side effects include decreased appetite, in-
somnia, abdominal pain, irritability, and increased heart rate
or blood pressure.

Delayed-release/extended-release methylphenidate

Delayed-release/extended-release (DR/ER) methylpheni-
date was FDA-approved in 2018 and is prescribed for patients
aged six and older to treat ADHD. It is the first recommend-
ed stimulant to be taken in the evening. DR/ER methylphe-
nidates do not contain IR methylphenidates. As a result, less
than 5% is released within the first 10 h of medication intake.
Approximately half of the medication is released 10-14 h af-
ter dosing, and the rest between 14-20 h. This prolonged re-
lease provides symptom coverage from morning to evening,
making it particularly beneficial for patients who struggle
with morning ADHD symptoms before typical medications
are administered. The duration of the drug effect can be ex-
tended by increasing the dose without increasing the maxi-
mum concentration [35]. This unique property allows clini-
cians to adjust the duration of medication based on the required
symptom control, providing a customizable treatment option
for patients with ADHD.

The initial dose of DR/ER methylphenidate starts at 20
mg, with weekly titrations up to 100 mg. In a clinical trial, 8
pm was the most common dosing time for patients [36]. Cap-
sules can be swallowed whole or sprinkled on food without
chewing. Like other stimulants, DR/ER methylphenidate car-
ries warnings related to the risk of abuse and dependence,
along with the potential cardiovascular issues. Common side
effects include insomnia, nausea, weight loss, anxiety, irrita-
bility, and increased blood pressure. Psychosis, manic symp-
toms, and decreased height can also be a potential adverse
effect.

Dextroamphetamine patch

In May 2022, the FDA approved the first transdermal dex-
troamphetamine administration for ADHD treatment [37].
The dextroamphetamine patch requires 2 h to become effec-
tive and remains effective for up to 12 h. Peak levels are reached
within 6-9 h of dosing, and 90% of the drug is delivered with-
in 9 h. The transdermal delivery system allows for flexible
control of dosing, where patches can be applied when re-
quired and removed early, if needed. Additionally, transder-
mal delivery minimizes first-pass metabolism and reduces
the risk of drug—drug interactions. This is also helpful for
children who are unable to ingest the pills.

The prescription directions state that the patch should be
worn for no longer than 9 h and applied once daily. The rec-
ommended starting dose of 4.5 mg per 9 h can be titrated
weekly to a maximum of 18 mg per 9 h. During clinical tri-



als, a significant proportion of patients reported irritation at
the application site, which resolved spontaneously [38]. The
patch can be placed on various body parts such as the hip,
upper arm, chest, or upper back; however, to avoid skin irri-
tation, the application site should be changed with each new
patch. The patch shares similar warnings with other amphet-
amine-based medications. Adverse reactions commonly re-
ported in pediatric patients include decreased appetite, head-
ache, insomnia, and nausea, whereas adults may experience
dry mouth, diarrhea, and anxiety. The risks of cardiovascular
reactions, increased heart rate, blood pressure, psychiatric
symptoms, and growth suppression should also be noted.

Non-stimulants

Viloxazine extended-release

Viloxazine ER was approved by the FDA in 2021 for treat-
ing pediatric ADHD and subsequently for adult ADHD in
2022. Viloxazine ER is a selective norepinephrine reuptake
inhibitor initially developed as an antidepressant before be-
ing repurposed as a treatment for ADHD [39]. Studies have
demonstrated that the pharmacokinetics of viloxazine ER
vary with body weight, with larger individuals exhibiting low-
er drug exposure [40]. If doses are missed, plasma concen-
trations rapidly return to normal once the medication is re-
sumed, even after a gap of up to four days. Phase 3 trial data
suggested that viloxazine ER may help improve peer relations
[41], learning [42], and executive function [43] in children. Al-
though it takes approximately six weeks for full efficacy, ear-
ly improvements within two weeks are predictive of a good
response [44].

A starting dose of 100 mg daily for children aged 6-11 and
200 mg daily for those aged 12 and older are recommended.
The dose can be titrated weekly to a maximum of 400 mg ex-
cept in patients with renal impairment, where the maximum
dose is 200 mg. Common adverse effects include somnolence,
decreased appetite, fatigue, nausea, and irritability. There is
also a boxed warning for suicidal thoughts and behaviors in
pediatric patients, similar to the warnings for atomoxetine
and antidepressants. Viloxazine ER can interact with medi-
cations metabolized by CYP1A2.

Centanafadine

Centanafadine is an investigational drug that has shown
promising results in phase 3 clinical trials, and is currently
under consideration for FDA approval [45,46]. It functions as
a triple monoamine reuptake inhibitor, targeting norepineph-
rine, dopamine, and serotonin transporters. Centanafadine
is believed to address core ADHD symptoms similarly to
stimulants but with fewer side effects. It increases dopamine
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levels in the prefrontal cortex and striatum, with the highest
activity observed in norepinephrine reuptake inhibition, 6
times less activity for dopamine, and 14 times less activity
for serotonin.

In phase 2 trials involving 41 patients, common adverse
events included diarrhea, headache, decreased appetite, and
dry mouth, with some patients experiencing rashes, leading
to discontinuation in a few participants [46]. The dermatolo-
gists determined that these rashes were not life threatening.
Phase 3 trials further demonstrated the efficacy and safety
of centanafadine in adults with ADHD, with headache and
decreased appetite as the most common side effects [45]. Over-
all, centanafadine is a potential alternative for patients who
cannot tolerate stimulants or require additional medication
for symptom management.

CONCLUSION

In conclusion, the treatment landscape for ADHD contin-
ues to evolve, with a range of pharmacological options avail-
able to address the diverse needs of patients. Stimulants re-
main the cornerstone of ADHD management due to their
well-established efficacy and rapid onset of action. However,
non-stimulants such as atomoxetine and clonidine provide
valuable alternatives, particularly for individuals who cannot
tolerate stimulants or have comorbid conditions, such as anx-
iety or tic disorders. Emerging treatments, including serdex-
methylphenidate, DR/ER methylphenidate, and transdermal
dextroamphetamine, offer innovative methods for sustained
symptom control and improved adherence by meeting indi-
vidual patient needs. Novel agents, such as viloxazine and
centanafadine, offer promise as effective alternatives with
potentially fewer side effects. Tailoring ADHD treatment to
individual patient profiles remains critical, underscoring the
importance of regular monitoring for efficacy, side effects,
and long-term outcomes. Continued development and intro-
duction of safer and more effective medications for ADHD
will enhance patient care, offering hope for improved symp-
tom control and quality of life.

Availability of Data and Material

Data sharing not applicable to this article as no datasets were gen-
erated or analyzed during the study.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Author Contributions

Conceptualization: Taeyeop Lee, Hyo-Won Kim. Supervision:
Hyo-Won Kim. Writing—original draft: Taeyeop Lee. Writing—re-
view & editing: Taeyeop Lee, Hyo-Won Kim.

https://www.jkacap.org 15



Pharmacological Treatment of ADHD

ORCID iDs
Taeyeop Lee https://orcid.org/0000-0002-0350-084X
Hyo-WonKim  https://orcid.org/0000-0002-8744-5138

Funding Statement

This research was supported by a grant of the Korea Health Tech-
nology R&D Project through the Korea Health Industry Develop-
ment Institute (KHIDI), funded by the Ministry of Health & Welfare,
Republic of Korea (grant number: HI22C1084).

Acknowledgments

None

REFERENCES

1) Xu G, Strathearn L, Liu B, Yang B, Bao W. Twenty-year trends in
diagnosed attention-deficit/hyperactivity disorder among US chil-
dren and adolescents, 1997-2016. JAMA Netw Open 2018;1:¢181471.

2) Faraone SV, Biederman J, Mick E. The age-dependent decline of at-
tention deficit hyperactivity disorder: a meta-analysis of follow-up
studies. Psychol Med 2006;36:159-165.

3) Bradley C. The behavior of children receiving benzedrine. Am J
Psychiatry 1937;94:577-585.

4) American Academy of Pediatrics. Subcommittee on attention-def-
icit/hyperactivity disorder and committee on quality improvement.
Clinical practice guideline: treatment of the school-aged child with
attention-deficit/hyperactivity disorder. Pediatrics 2001;108:1033-
1044.

5) Kim H, Kim E, Kim J, Park J, Bahn GH, Lee Y], et al. The revised
Korean practice parameter for the treatment of attention-deficit hy-
peractivity disorder (III) - pharmacological treatment -. J Korean
Acad Child Adolesc Psychiatry 2017;28:70-83.

6) The MTA Cooperative Group. A 14-month randomized clinical tri-
al of treatment strategies for attention-deficit/hyperactivity disor-
der. Arch Gen Psychiatry 1999;56:1073-1086.

7) Subcommittee on Attention-Deficit/Hyperactivity Disorder;
Steering Committee on Quality Improvement and Management;
Wolraich M, Brown L, Brown RT, DuPaul G, et al. ADHD: clinical
practice guideline for the diagnosis, evaluation, and treatment of at-
tention-deficit/hyperactivity disorder in children and adolescents.
Pediatrics 2011;128:1007-1022.

8) Kim BS, Park EJ. An observational multi-center study for evalua-
tion of efficacy, safety and parental satisfaction of methylphenidate
oros in children with ADHD. J Korean Acad Child Adolesc Psy-
chiatry 2005;16:279-285.

9) Park JH, Kim BN, Kim JW, Kim JH, Son JW, Shin D, et al. A pre-
liminary study on the development of Korean medication algorithm
for attention-deficit hyperactivity disorder. J Korean Acad Child
Adolesc Psychiatry 2011;22:25-37.

10) Armstrong RB, Damaraju CV, Ascher S, Schwarzman L, O’Neill J,
Starr HL. Time course of treatment effect of OROS®™ methylpheni-
date in children with ADHD. J Atten Disord 2012;16:697-705.

11) Faraone SV, Banaschewski T, Coghill D, Zheng Y, Biederman J,
Bellgrove MA, et al. The world federation of ADHD international
consensus statement: 208 evidence-based conclusions about the
disorder. Neurosci Biobehav Rev 2021;128:789-818.

12) Kim Y, Shin MS, Kim JW, Yoo HJ, Cho SC, Kim BN. Neurocogni-
tive effects of switching from methylphenidate-IR to OROS-meth-
ylphenidate in children with ADHD. Hum Psychopharmacol 2009;
24:95-102.

13) Coghill D. The impact of medications on quality of life in attention-
deficit hyperactivity disorder: a systematic review. CNS Drugs 2010;
24:843-866.

14) Cortese S, Adamo N, Del Giovane C, Mohr-Jensen C, Hayes AJ,

16

Carucci S, et al. Comparative efficacy and tolerability of medica-
tions for attention-deficit hyperactivity disorder in children, ado-
lescents, and adults: a systematic review and network meta-analy-
sis. Lancet Psychiatry 2018;5:727-738.

15) Carucci S, Balia C, Gagliano A, Lampis A, Buitelaar JK, Danck-
aerts M, et al. Long term methylphenidate exposure and growth in
children and adolescents with ADHD. A systematic review and
meta-analysis. Neurosci Biobehav Rev 2021;120:509-525.

16) Kidwell KM, Van Dyk TR, Lundahl A, Nelson TD. Stimulant med-
ications and sleep for youth with ADHD: a meta-analysis. Pediat-
rics 2015;136:1144-1153.

17) Cooper WO, Habel LA, Sox CM, Chan KA, Arbogast PG, Cheetham
TC, et al. ADHD drugs and serious cardiovascular events in chil-
dren and young adults. N Engl J Med 2011;365:1896-1904.

18) Michelson D, Allen AJ, Busner J, Casat C, Dunn D, Kratochvil C,
et al. Once-daily atomoxetine treatment for children and adoles-
cents with attention deficit hyperactivity disorder: a randomized,
placebo-controlled study. Am J Psychiatry 2002;159:1896-1901.

19) Biederman J, Spencer TJ], Newcorn JH, Gao H, Milton DR, Feld-
man PD, et al. Effect of comorbid symptoms of oppositional defi-
ant disorder on responses to atomoxetine in children with ADHD:
a meta-analysis of controlled clinical trial data. Psychopharmacol-
ogy (Berl) 2007;190:31-41.

20) Kratochvil CJ, Newcorn JH, Arnold LE, Duesenberg D, Emslie GJ,
Quintana H, et al. Atomoxetine alone or combined with fluoxetine
for treating ADHD with comorbid depressive or anxiety symp-
toms. J Am Acad Child Adolesc Psychiatry 2005;44:915-924.

21) Treuer T, Gau SS, Méndez L, Montgomery W, Monk JA, Altin M,
et al. A systematic review of combination therapy with stimulants
and atomoxetine for attention-deficit/hyperactivity disorder, in-
cluding patient characteristics, treatment strategies, effectiveness,
and tolerability. J Child Adolesc Psychopharmacol 2013;23:179-
193.

22) Cheng]JY, Chen RY, Ko JS, Ng EM. Efficacy and safety of atomox-
etine for attention-deficit/hyperactivity disorder in children and
adolescents-meta-analysis and meta-regression analysis. Psycho-
pharmacology (Berl) 2007;194:197-209.

23) Wietecha LA, Ruff DD, Allen AJ, Greenhill LL, Newcorn JH. Ato-
moxetine tolerability in pediatric and adult patients receiving dif-
ferent dosing strategies. J Clin Psychiatry 2013;74:1217-1223.

24) Reed VA, Buitelaar JK, Anand E, Day KA, Treuer T, Upadhyaya
HP, et al. The safety of atomoxetine for the treatment of children
and adolescents with attention-deficit/hyperactivity disorder: a
comprehensive review of over a decade of research. CNS Drugs
2016;30:603-628.

25) Kratochvil CJ, Wilens TE, Greenhill LL, Gao H, Baker KD, Feld-
man PD, et al. Effects of long-term atomoxetine treatment for
young children with attention-deficit/hyperactivity disorder. ] Am
Acad Child Adolesc Psychiatry 2006;45:919-927.

26) Camporeale A, Day KA, Ruff D, Arsenault J, Williams D, Kelsey
DK. Profile of sexual and genitourinary treatment-emergent ad-
verse events associated with atomoxetine treatment: a pooled anal-
ysis. Drug Saf 2013;36:663-671.

27) Briars L, Todd T. A review of pharmacological management of at-
tention-deficit/hyperactivity disorder. J Pediatr Pharmacol Ther
2016;21:192-206.

28) Croxtall JD. Clonidine extended-release in attention-deficit hyper-
activity disorder: profile report. CNS Drugs 2012;26:277-279.

29) Jain R, Segal S, Kollins SH, Khayrallah M. Clonidine extended-re-
lease tablets for pediatric patients with attention-deficit/hyperac-
tivity disorder. ] Am Acad Child Adolesc Psychiatry 2011;50:171-
179.

30) Conners CK, Casat CD, Gualtieri CT, Weller E, Reader M, Reiss A,
et al. Bupropion hydrochloride in attention deficit disorder with hy-
peractivity. ] Am Acad Child Adolesc Psychiatry 1996;35:1314-1321.



31) Stuhec M, Munda B, Svab V, Locatelli I. Comparative efficacy and
acceptability of atomoxetine, lisdexamfetamine, bupropion and meth-
ylphenidate in treatment of attention deficit hyperactivity disorder
in children and adolescents: a meta-analysis with focus on bupro-
pion. J Affect Disord 2015;178:149-159.

32) Greenhill LL, Biederman J, Boellner SW, Rugino TA, Sangal RB,
Earl CQ, et al. A randomized, double-blind, placebo-controlled
study of modafinil film-coated tablets in children and adolescents
with attention-deficit/hyperactivity disorder. ] Am Acad Child Ad-
olesc Psychiatry 2006;45:503-511.

33) Kollins SH, Braeckman R, Guenther S, Barrett AC, Mickle TC, Oh
C, et al. A randomized, controlled laboratory classroom study of
serdexmethylphenidate and d-methylphenidate capsules in chil-
dren with attention-deficit/hyperactivity disorder. J Child Adolesc
Psychopharmacol 2021;31:597-609.

34) Braeckman R, Guenther S, Mickle TC, Barrett AC, Smith A, Oh C.
Dose proportionality and steady-state pharmacokinetics of serdex-
methylphenidate/dexmethylphenidate, a novel prodrug combina-
tion to treat attention-deficit/hyperactivity disorder. J Child Ado-
lesc Psychopharmacol 2022;32:288-295.

35) Gomeni R, Komolova M, Incledon B, Faraone SV. Model-based
approach for establishing the predicted clinical response of a de-
layed-release and extended-release methylphenidate for the treat-
ment of attention-deficit/hyperactivity disorder. J Clin Psychophar-
macol 2020;40:350-358.

36) Childress AC, Cutler AJ, Marraffino A, McDonnell MA, Turnbow
JM, Brams M, et al. A randomized, double-blind, placebo-con-
trolled study of HLD200, a delayed-release and extended-release
methylphenidate, in children with attention-deficit/hyperactivity
disorder: an evaluation of safety and efficacy throughout the day and
across settings. J Child Adolesc Psychopharmacol 2020;30:2-14.

37) Larkin HD. First amphetamine transdermal patch approved for
ADHD. JAMA 2022;327:1642.

38) Cutler AJ, Suzuki K, Starling B, Balakrishnan K, Komaroff M,
Castelli M, et al. Efficacy and safety of dextroamphetamine trans-
dermal system for the treatment of attention-deficit/hyperactivity
disorder in children and adolescents: results from a pivotal phase 2
study. J Child Adolesc Psychopharmacol 2022;32:89-97.

T Lee and HW Kim

39) Findling RL, Candler SA, Nasser AF, Schwabe S, Yu C, Garcia-Oli-
vares J, et al. Viloxazine in the management of CNS disorders: a
historical overview and current status. CNS Drugs 2021;35:643-653.

40) Nasser A, Gomeni R, Wang Z, Kosheleff AR, Xie L, Adeojo LW, et
al. Population pharmacokinetics of viloxazine extended-release
capsules in pediatric subjects with attention deficit/hyperactivity
disorder. J Clin Pharmacol 2021;61:1626-1637.

41) Faraone SV, Gomeni R, Hull JT, Busse GD, Lujan B, Rubin J, et al.
Response of peer relations and social activities to treatment with
viloxazine extended-release capsules (Qelbree®): a post hoc analy-
sis of four randomized clinical trials of children and adolescents
with attention-deficit/hyperactivity disorder. Brain Behav 2023;13:
€2910.

42) Faraone SV, Gomeni R, Hull JT, Busse GD, Melyan Z, Rubin J, et
al. A post hoc analysis of the effect of viloxazine extended-release
capsules on learning and school problems in children and adoles-
cents with attention-deficit/hyperactivity disorder. Eur Child Ado-
lesc Psychiatry 2023;32:491-499.

43) Faraone SV, Gomeni R, Hull JT, Busse GD, Melyan Z, Rubin J, et
al. Executive function outcome of treatment with viloxazine ex-
tended-release capsules in children and adolescents with attention-
deficit/hyperactivity disorder: a post-hoc analysis of four random-
ized clinical trials. Paediatr Drugs 2021;23:583-589.

44) Faraone SV, Gomeni R, Hull JT, Chaturvedi SA, Busse GD, Melyan
Z, et al. Predicting efficacy of viloxazine extended-release treat-
ment in adults with ADHD using an early change in ADHD symp-
toms: machine learning post hoc analysis of a phase 3 clinical trial.
Psychiatry Res 2022;318:114922.

45) Adler LA, Adams J, Madera-McDonough J, Kohegyi E, Hobart M,
Chang D, et al. Efficacy, safety, and tolerability of centanafadine
sustained-release tablets in adults with attention-deficit/hyperactiv-
ity disorder: results of 2 phase 3, randomized, double-blind, multi-
center, placebo-controlled trials. J Clin Psychopharmacol 2022;42:
429-439.

46) Wigal SB, Wigal T, Hobart M, Madera JJ, Baker RA, Kohegyi E, et
al. Safety and efficacy of centanafadine sustained-release in adults
with attention-deficit hyperactivity disorder: results of phase 2 stud-
ies. Neuropsychiatr Dis Treat 2020;16:1411-1426.

https://www.jkacap.org 17



