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ABSTRACT

Attention-deficit/hyperactivity disorder (ADHD) is a common mental disorder caused by abnormal regulation of noradrenergic
and dopaminergic neurotransmission. In some patients, symptoms persist throughout life, making each area of daily living
challenging and impairing overall functioning. In addition to psychotherapy, treatment includes pharmacotherapy in the form
of psychostimulants (amphetamine and methylphenidate) and non-stimulants (atomoxetine). The function of the drugs is to im-
prove neurotransmission and reduce symptoms. The purpose of this article is to compare the efficacy, tolerability and safety of
methylphenidate and atomoxetine for adult ADHD patients. A systematic literature search was performed using databases such
as PubMed, PsycINFO, and Google Scholar. 31 clinical trials were included, 10 concerned the effect of methylphenidate, 8 the
atomoxetine and the remaining studies effectiveness of both of them. A comparative analysis of the effects of methylphenidate
and atomoxetine indicates their effectiveness in reducing symptoms among adults with ADHD. Atomoxetine was shown to be
superior in reducing hyperkinetic symptoms and in patients with severe symptoms. Both drugs are well tolerated and safe to use.
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INTRODUCTION uses psychostimulants as first-line drugs and non-stimulant
drugs (Atomoxetine) in the second line. There are two com-
monly used stimulants - methylphenidate (MPH) (Focalin,

rodevelopmental disorder globally prevalent with a frequen-  pocalin XR; Concerta) and amphetamines (AMP) (Adderall
cy of 8.0% in children and adolescents. XR and Vyvanse). >

Attention-deficit/hyperactivity disorder (ADHD) is a neu-

The prevalence estimate is twice higher in boys (10 %) com-  The exact mechanism of methylphenidate (MPH) is unclear,
pared to girls (5 %). ' Up to 60% of children with ADHD  py it has been shown to act as a norepinephrine and dopa-
will continue to experience symptoms into adulthood. Which .0 reuptake inhibitor (NDRI) and has an impact on alpha-1
gives a prevalence rate of almost 5% in the adult population.  ,qrenergic receptor activity. There is a dose-related effect
Adults with untreated or undiagnosed ADHD may struggle ¢ psychostimulants on receptor stimulation, where higher
with multiple aspects of daily living such as employment,  oses are shown to cause locomotor-activating effects and
relationships, and financial stability. cognition impaired. In contrast, low doses are found to selec-

ADHD is treated by long-acting psychostimulants approved ~ tively activate norepinephrine and dopamine neurotransmis-
by the Food and Drug Administration (FDA). The treatment ~ Sion within an area of the brain thought to play a prominent
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role in ADHD pathophysiology, thereby improving clinical
efficacy and preventing side effects. The lower doses used to
treat ADHD are not associated with the locomotor-activat-
ing effects associated with higher doses and instead reduce
movement, impulsivity, and increase cognitive function in-
cluding sustained attention and working memory.

The only non-stimulant approved by the FDA for the treat-
ment of ADHD in adults is Atomoxetine (Strattera) which
is a selective, presynaptic, norepinephrine reuptake inhibi-
tor known as a NET inhibitor. It lacks the abuse potential
of stimulants and can be used as a substitute for patients ad-
dicted to psychostimulants (methamphetamine - METH). *°

It might be an alternative for those who cannot tolerate or do
not improve under psychostimulant treatment.

METHODOLOGY

A systematic literature search was conducted across three
databases: PubMed, PsycINFO, and Google Scholar, using
keywords such as “ADHD,” “Attention-deficit/hyperactivity
disorder,” “Atomoxetine,” “methylphenidate,” and “adults.”
The search was limited to studies published in English be-
tween 2013 and 2025 that investigated the effects of methyl-
phenidate and atomoxetine on ADHD in adult populations.

Initially, 244 records were identified (PubMed: 123, PsycIN-
FO: 67, Google Scholar: 54). After removing 47 duplicates,
197 unique records remained for title and abstract screen-
ing. Based on relevance to the research question, 142 records
were excluded at this stage. The full texts of the remaining
55 articles were assessed for eligibility against predefined
inclusion criteria, which considered methodological quality,
participant characteristics, treatment protocols, and outcome
measures. Following this assessment, 24 studies were ex-
cluded due to reasons such as inappropriate population or
insufficient data.

Ultimately, 31 clinical trials met all inclusion criteria and
were included in the review. Among these, 10 studies inves-
tigated methylphenidate, 8 focused on atomoxetine, and the
remaining studies evaluated both medications. The selected
studies provided sufficient data to compare the efficacy of
methylphenidate and atomoxetine in reducing ADHD symp-
toms in adults.

Risk of bias in the included studies was assessed using the
Cochrane Risk of Bias Tool, which enabled a systematic eval-
uation of methodological quality and potential sources of bias.

RESULTS

Methylphenidate and ADHD
There have been a number of studies showing the effective-
ness of methylphenidate in ADHD among adults. Both a

several-week study. ®7 and a multi-year study indicate that
methylphenidate is superior to placebo. %10

The drug’s efficacy was measured using the CAARS scale,
which takes into account the memory problems, hyperac-
tivity/restlessness, impulsivity/emotional lability, problems
with self-concept, inattention symptoms such as fails to give
close attention to details, difficulty sustaining attention, does
not seem to listen when spoken to directly; the PERMP (Per-
manent Product Measure of Performance) scale which is a
10-minute math test used to assess attention in individuals
with ADHD, and ADHD-Rating Scale-5 (RS) total score.

The psychopathology of ADHD disorders is based on inter-
actions between task-positive, task-related networks, and
task-negative, which involve processing outside the task.
Abnormalities in this relationship lead to symptoms such as
impulsivity and inattention. In brain anatomy, the key area
for these disorders is the posterior cingulate cortex associ-
ated with the default mode network (DMN). The DMN is
mainly active during rest and weakened when engaging in
internal and external orientation. Studies show that abnor-
malities in the DMN result in task-positive impairment,
which in turn interrupts attention and increases “wandering
thoughts” during task performance. Positive influences on
the influence and interactions between the networks include
increased availability of dopamine, which can be achieved
with the use of the dopamine-norepinephrine reuptake in-
hibitor methylphenidate. This substance further increases the
suppression of the DMN network during task performance,
and thus improves attention. '°

Methylphenidate can be used in monotherapy or in combi-
nation with other drugs. Adding memantine to methylphe-
nidate improves Behaviour Rating Inventory of Executive
Functions-Adult Inhibition and Self-Monitor subscales. '
The combination with L-Methylfolate does not increase the
effectiveness of treatment. 2

The effects of methylphenidate do not persist after the end of
therapy, and after a week of discontinuing use, there are no
visible therapeutic effects or effects of the treatment. *

The medication is well tolerated but 10% of participants get-
ting methylphenidate (PRC-063) suffer from headache, in-
somnia and decreased appetite. 4

It is a drug with addictive potential; the Drug Enforcement
Administration (DEA) has classified this medication as a
Schedule II substance under the Controlled Substance Act
(CSA). However, novel prodrug of d-methylphenidate (d-
MPH) - Serdexmethylphenidate (SDX) chloride (Cl) has less
addictive potential regardless of the form of administration
- oral, intranasal or intravenous. '3

Cataldo et al. in a randomized, double blind, placebo-con-
trolled parallel-group study examined the effects of extend-
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ed-release methylphenidate on sleep disorders. Based on
completion of sleep questionnaires, there were no significant
statistical differences in sleep disorders between the two
groups. Disorders that were considered included reduced
sleep efficiency, delayed falling asleep. Among patients who
awoke during the night, the number of awakenings and the
duration of night time wakefulness were similar in adult pa-
tients receiving PRC-063 or placebo. !¢

Adults with ADHD have an increased risk of nicotine ad-
diction. The process of quitting smoking is difficult and can
lead to weight gain. In an 11-week, double-blind, placebo-
controlled, multisite trial, Heffner et al. compared OROS-
MPH with placebo in adults with ADHD who were receiv-
ing transdermal nicotine replacement therapy for smoking
cessation. The group receiving the psychostimulant showed
reduced hunger and weight loss compared to their pre-study
weight, whereas the placebo group experienced weight gain.
The results were statistically significant and persisted after
the study ended. 7

Atomoxetine and ADHD

Atomoxetine is currently being used as a second-line treat-
ment for ADHD. The effect depends on the severity of
symptoms and is visible after 2 weeks of use. '* Patients with
baseline severe executive function (EF) changes are particu-
larly more susceptible to treatment than patients with mild or
modest symptoms. In addition, the region of origin influenc-
es the efficacy of treatment in European and North American
patients showed greater improvement than in South Ameri-
can patients.

Based on a study by F.W. Reimherr et al. based on the
WRAADDS scale, Atomoxetine reduces the key features of
the disease such as disorganization difficulties, hyperactiv-
ity/restlessness impulsivity and also the three emotional
dysregulation symptoms which are presented in 1 in 3 pa-
tients with ADHD. 2

Improvements in patient functioning persist during atomox-
etine use as well as up to 6 months after discontinuation,
and are more sustained the less severe the level of changes
in executive functions. 2! The level of a patient’s response to
atomoxetine can provide an indication to the clinician of the
severity of the disease. ?!

Atomoxetine is a well-tolerated drug and individually select-
ed doses and dosing times achieve optimal therapeutic effects
224 but during Atomoxetine treatment may appear common
treatment-emergent adverse events (TEAESs) such as nausea,
headache, dizziness, nasopharyngitis, fatigue, insomnia, and
somnolence, sexual dysfunction in male. The majority of
them were presented within the first week of therapy onset.
Side effects are transient and resolve mostly within a few
weeks. The longer resolution times of decreased appetite,
hyperhidrosis, and dry mouth may be due to the peripheral
noradrenergic effect of atomoxetine on the sympathetic and/
or parasympathetic nervous systems. One possible explana-
tion for the more transient nature of the other events is that
they might be related to atomoxetine’s central effects on the
brain. # They resolve more quickly in patients taking atom-
oxetine once daily compared to patients taking twice daily.
%6 Sexual male dysfunction occurred in about 2.5% of men
participating in the study within 2 weeks of onset of using.

Table 1: Summary of efficacy, assessment tools, adverse events, and key notes of methylphenidate and atom-

oxetine in adult ADHD treatment

Medication Efficacy Assessment Measures

Methylphenidate Effective in adults with ADHD; CAARS, PERMP, ADHD-Rating

superior to placebo in several- Scale-5

week and multi-year studies

Improves executive functions Behavior Rating Inventory of

when combined with Executive Functions-Adult

memantine

Supports weight control during -
smoking cessation in adults
with ADHD

Second-line treatment for WRAADDS scale
ADHD; effects seen after two

weeks

Atomoxetine

More effective in patients with -
severe executive function

impairments

Adverse Events Notes References

Headache, insomnia, decreased Addictive potential; novel 6-10, 14-16
appetite in ~10% of prodrug
participants Serdexmethylphenidate has
lower addictive potential
No significant impact on sleep Effects do not persist after 11,13
disorders discontinuation
- - 17
Nausea, headache, dizziness, Side effects mostly transient 18-20, 23-25
fatigue, insomnia, somnolence, and resolve within weeks;
male sexual dysfunction once-daily dosing reduces side
effects
- Improvements can persist up 21-22

to six months after

discontinuation
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DISCUSSION

So far, it has compared the effects and side effects of meth-
ylphenidate and atomoxetine versus placebo. They showed
that both drugs are effective in the treatment of ADHD and
provide treatment control of the basic symptoms of the dis-
ease, especially executive function (EF).

However, after discontinuation of therapy, the positive ef-
fects of Atomoxetine persist for up to 6 months while the
use of methylphenidate has no lasting effects. Both drugs
are well tolerated by patients and cause similar side effects
such as headaches or nausea and vomiting, loss of appetite.
Some studies also indicate sleep problems after methylphe-
nidate use, but a study by Cataldo et al. found no significant
statistical difference between sleep disturbances in methyl-
phenidate-treated patients and placebo patients. The use of
Atomoxetine can lead to sexual dysfunction in men (e.g.
erectile dysfunction); the cause of these side effects may be
the noradrenergic effect of atomoxetine.

Particular groups of patients in whom the use of methylphe-
nidate has additional benefits are patients quitting smoking;
methylphenidate helps to maintain a healthy body weight.
No similar studies have been conducted for atomoxetine.

Studies directly comparing the effects of the two drugs have
also been conducted. Based on these, both atomoxetine and
methylphenidate were shown to be equally effective in their
use in the improvement of ADHD core symptoms, social
function, and quality of life. Atomoxetine was superior to
IR-methylphenidate in the reduction of hyperactive/impul-
sive symptoms and overall ADHD severity. *” Analogous
conclusions were obtained by the same author in 2016 com-
paring the effects of both drugs to the fluctuations in an in-
dividual’s response time across multiple trials of the same
task - Intra-individual variability in reaction time (RT IIV).
27 Both drug improve wide range of executive functions. IR-
methylphenidate was associated with improvement in Spa-
tial working memory (SWM), attentional set shifting (IED)
and spatial planning/problem solving (SOC). Atomoxetine
was associated with improvement in SSP, SWM, sustained
attention (RVIP), inhibitory ability (RVIP) and spatial plan-
ning/problem solving (SOC).

Research is also underway on the effectiveness of other
drugs in treating ADHD in adults. Schein et al., randomized,
placebo-controlled studies, demonstrated that Centanafadine
effectively improves symptoms of inattentiveness and hyper-
activity-impulsivity in patients with ADHD. Its efficacy is
comparable to that of atomoxetine and methylphenidate,*-*°
and the incidence of adverse reactions is lower compared to
atomoxetine and methylphenidate. All drugs are well toler-
ated by patients.

CONCLUSION

There are many treatment options for ADHD in adults. Stud-
ies have shown superiority in the use of methylphenidate
and atomoxetine over placebo. Both drugs are effective es-
pecially in improving executive functions and well tolerated
by patients. Atomoxetine has a better effect on hyperactive
symptoms and among patients with high symptom severity.
Atomoxetine’s effect, unlike methylphenidate’s, persists for
up to 6 months after discontinuation, so its use should be
considered in patients living in areas with difficult access
to treatment. Additional studies comparing the effects of the
drugs in selected groups of patients are needed. New drugs
such as Centanafadine are also available, whose efficacy
may be comparable to atomoxetine and methylphenidate.
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