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Abstract Atomoxetine was first licensed to treat atten-

tion-deficit/hyperactivity disorder (ADHD) in children and

adolescents in the US in 2002. The aim of this paper is to

comprehensively review subsequent publications addres-

sing the efficacy of atomoxetine in 6- to 18-year-olds with

ADHD. We identified 125 eligible papers using a prede-

fined search strategy. Overall, these papers demonstrate

that atomoxetine is an effective treatment for the core

ADHD symptoms (effect sizes 0.6–1.3, vs. placebo, at

6–18 weeks), and improves functional outcomes and

quality of life, in various pediatric populations with ADHD

(i.e., males/females, patients with co-morbidities, children/

adolescents, and with/without prior exposure to other

ADHD medications). Initial responses to atomoxetine may

be apparent within 1 week of treatment, but can take longer

(median 23 days in a 6-week study; n = 72). Responses

often build gradually over time, and may not be robust until

after 3 months. A pooled analysis of six randomized pla-

cebo-controlled trials (n = 618) indicated that responses at

4 weeks may predict response at 6–9 weeks, although

another pooled analysis of open-label data (n = 338)

suggests that the probability of a robust response to ato-

moxetine [C40 % decrease in ADHD–Rating Scale

(ADHD-RS) scores] may continue to increase beyond

6–9 weeks. Atomoxetine may demonstrate similar efficacy

to methylphenidate, particularly immediate-release meth-

ylphenidate, although randomized controlled trials are

generally limited by short durations (3–12 weeks). In

conclusion, notwithstanding these positive findings, before

initiating treatment with atomoxetine, it is important that

the clinician sets appropriate expectations for the patient

and their family with regard to the likelihood of a gradual

response, which often builds over time.
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Key Points

Using a predefined search strategy, we identified a

total of 125 papers from over a decade of clinical

research of atomoxetine. Overall, these papers

demonstrate that atomoxetine is an effective

treatment for the core attention-deficit/hyperactivity

disorder (ADHD) symptoms, and improves

functional outcomes and quality of life, in various

pediatric populations (i.e., males/females, patients

with various co-morbidities, children/adolescents,

and with/without prior exposure to other ADHD

medications).

Responses to atomoxetine often build gradually over

time, and may not be robust until after 3 months.

Before initiating treatment with atomoxetine in

children/adolescents, it is paramount that clinicians

set realistic expectations for the patient and their

family with regard to the likelihood of a relatively

gradual response that often builds over time. We

believe that this approach may increase the chances

of attaining successful outcomes with atomoxetine

treatment in the long term.

1 Introduction

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

rodevelopmental disorder that often has a major negative

impact on social functioning [1–4], academic attainment

[5, 6], risk of criminal behavior [5, 7], job prospects and

finances [6, 8], and has been estimated to affect over 5 %

of children/adolescents worldwide [9–12].

Atomoxetine was the first non-stimulant medication to

be approved for ADHD, to treat patients of 6 years and

older; marketing authorization was first granted in the US

in 2002, followed by various other countries, including the

UK in 2004. The non-stimulants guanfacine and clonidine

are now also licensed to treat ADHD in the US [13]. Before

these approvals, psychostimulants such as methylphenidate

and amphetamines were the only licensed medications for

ADHD. However, while a range of stimulants are avail-

able, including several long-acting formulations, about

10–30 % of patients may not respond to or be able to

tolerate stimulant treatment and, unlike atomoxetine, their

use can be limited by their abuse potential [14–16]. Thus,

some patients/families may be reluctant to use stimulant

medications. Also, some patients cannot use stimulants due

to contraindications.

Between 2001 and 2005, the manufacturer of ato-

moxetine, Eli Lilly, published the results of six random-

ized, placebo-controlled core registration studies for

atomoxetine in children/adolescents, all performed in

North America. In these pediatric patients, the six clinical

trials demonstrated to healthcare professionals and licens-

ing authorities that, when given for 6–9 weeks, atomoxe-

tine is an effective treatment for the core symptoms of

ADHD, relative to placebo [17–21]. In addition, these

registration studies also provided other clinically relevant

information, including dosing schedules, functional out-

comes, data for subpopulations of patients such as older

children/adolescents only, and the time to onset of

improvement following atomoxetine treatment. While

these registration studies for atomoxetine were extremely

informative, providing baseline expectations for treatment

response, early experiences of this novel treatment in the

clinical setting suggested that subsequent data were needed

to enhance understanding of the pharmacodynamics and

clinical effects of the medication. Indeed, the registration

studies may not have been adequate to set appropriate

expectations for atomoxetine treatment. This may be par-

ticularly related to their short study durations, which were

not sufficient to fully describe the pattern of response over

time, and therefore may not have helped clinicians to

optimize treatment. Thus, over the decade that followed the

launch of atomoxetine, many additional studies were per-

formed by Eli Lilly and independent researchers to further

investigate atomoxetine treatment in relation to outcomes

that were included in the registration studies but which

warranted further investigation. For instance, several pro-

spective studies [randomized controlled trials (RCTs) or

open-label] and retrospective analyses have focused on the

effect of atomoxetine over durations longer than 9 weeks,

the effects of different atomoxetine dosing schedules, and

outcomes in various patient subgroups (e.g., single-sex

cohorts, patients with ADHD and a particular co-morbidity,

or only treatment-naı̈ve patients). However, to the best of

our knowledge, this extensive body of atomoxetine efficacy

data from RCTs and non-randomized analyses has not yet

been comprehensively reviewed to provide a summary of

the key clinical implications, although a systematic review

of atomoxetine data from 2009 to 2011 has previously been

published [22], and efficacy and safety data for atomoxe-

tine monotherapy in 25 RCTs has been meta-analyzed [23].

The objective of this comprehensive review is to help

organize the available data from over a decade of clinical

research, so that it can be appropriately critiqued and dis-

cussed, with the overall aim being to enhance healthcare

professionals’ knowledge and understanding of the efficacy

of atomoxetine as a treatment for ADHD in children and

adolescents. Therefore, in this paper we have summarized

the evidence relating to the efficacy of atomoxetine that
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was initially established in the six registration studies, and

what we have subsequently learnt from the ensuing decade

of atomoxetine research. We will review safety data in a

separate publication.

2 Literature Search Strategy

We used a predefined search strategy to identify literature

examining the efficacy of atomoxetine for the treatment of

ADHD in children and adolescents in clinical trials and

real-life studies. The predefined search strategy was com-

prised of three stages:

• Stage 1 As shown in Fig. 1, three bibliographic

databases were searched.

• Stage 2 Using the lists of titles and abstracts of

publications electronically identified in the database

searches, two authors (JKB and NCS) acted as inde-

pendent reviewers, manually screening the titles and

the abstracts of each publication (but not the main body

of each paper) against predefined exclusion criteria, and

then against predefined inclusion criteria (see Fig. 1). If

there was any doubt about whether a paper should be

excluded based on the contents of the title and abstract,

the inclusion/exclusion decision was finalized by

checking the main body of the paper. The two

reviewers compiled their own list of eligible publica-

tions, and then consolidated their lists by discussing any

discrepancies, resolved by means of a consensus. It was

planned that a third independent reviewer (DC) would

adjudicate if no consensus was reached, although this

was in fact not needed.

• Stage 3 From the consolidated list of papers selected

during Stage 2, the two reviewers manually grouped

each paper into one or more of ten topics of clinical

relevance, based on the efficacy of atomoxetine, which

were defined before selecting literature from the

searches (see Fig. 1). In addition to needing to be

related to efficacy, the rationale for choosing the ten

predefined topics was that each topic had been

addressed to some extent in one or more of the six

registration studies [17–21] and, as such, is predomi-

nantly covered by the licenses granted for the clinical

use of atomoxetine. This was also why the lower age

cut-off point was set at 6 years old. While atomoxetine

treatment data are available for children younger than

6 years of age, atomoxetine has been approved to treat

ADHD in patients of 6 years and older.

This article was written using the ten predefined topics

as subheadings, with all the papers selected during Stage 3

referred to under the appropriate subheading(s). Another 42

documents [1–13, 15, 16, 22–46, 136, 154], not selected

via the predefined search strategy, were included in this

review to provide relevant background information and

discussion of the selected literature. These included the

European Summary of Product Characteristics (SPC) [45]

and a US Full Prescribing Information document [46] for

atomoxetine. In addition, one paper in which patients had

ADHD and substance use disorder (SUD) was included

because of the importance of SUD and the lack of other

atomoxetine studies addressing SUD in young patients,

even though the inclusion criteria were not completely met

because patients were admitted who were 19 years of age

[47].

3 Topics of Clinical Relevance for the Efficacy

of Atomoxetine

As shown in Fig. 1, using the three-stage approach, a total

of 819 papers were identified in the electronic literature

searches (Stage 1). Of these, 127 papers met none of the

exclusion criteria and all of the inclusion criteria (Stage 2).

Overall, 125 papers were then included in the review, in at

least one of the ten predefined topics of clinical relevance,

while two papers were excluded due to a lack of relevant

clinical data in relation to the ten predefined topics

(Stage 3). The number of papers that was identified for

each predefined topic during Stage 3, and their citations,

are shown in Table 1.

3.1 Mode of Action and Pharmacokinetics

The pathophysiology of ADHD appears to involve dys-

regulation of noradrenergic and dopaminergic pathways

that are associated with modulation of higher cortical

functions, including attention and executive functioning

[24, 25]. Atomoxetine is a potent and selective inhibitor of

the norepinephrine (noradrenaline) transporter. Although

the precise mechanism of action is not clear, preclinical

studies suggest that atomoxetine exerts its therapeutic

effect on ADHD by increasing the concentration of syn-

aptic norepinephrine and dopamine in the prefrontal cortex,

but without an increase in dopamine in the nucleus ac-

cumbens or striatum [26–30]. The apparent lack of an

effect of atomoxetine on dopamine in the mesolimbic

system is compatible with the lack of abuse potential of this

medication [16]. By contrast, in preclinical studies, medi-

cations such as methylphenidate and amphetamine increase

dopamine and norepinephrine levels in the prefrontal cor-

tex and striatum [24, 30–34]. The mechanism of action of

atomoxetine was not investigated in the six registration

studies. Nevertheless, in a clinical study of 36 youths with

ADHD [mean (standard deviation; SD) age 11.2 (2.7)

years], using functional magnetic resonance imaging,
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6–8 weeks of atomoxetine (n = 18) or methylphenidate

(n = 18) treatment were associated with improvements in

ADHD symptoms ‘‘via both common and divergent neu-

rophysiologic actions in frontoparietal regions that have

been implicated in the pathophysiology of ADHD’’ [48].

The two proof-of-concept atomoxetine registration

studies reported by Spencer et al. [17] were the first

to demonstrate that a medication working on the

norepinephrine transporter may be effective in the treat-

ment of ADHD. Since then, this has been taken a stage

further, to determine how genetic polymorphisms in the

noradrenergic pathway may impact efficacy outcomes of

atomoxetine treatment [49, 50]. In a recent study of 111

pediatric patients with ADHD, mutations in the SLC6A2

and ADRA2A genes were associated with altered responses

to atomoxetine after 8–12 weeks of treatment [50].

Stage 1: Papers published between the years 2001 and 2013 were identified in 3 searches of 
bibliographic databases

Search 1 - Embase, Ovid MEDLINE(R), Ovid MEDLINE(R) In-Process & Other Non-Indexed 
Cita�ons;

Search 2 - EBM Reviews (Cochrane Database of Systema�c Reviews, ACP Journal Club, 
Database of Abstracts of Reviews of Effects, Cochrane Central Register of Controlled 
Trials, Cochrane Methodology Register, Health Technology Assessment, NHS Economic 
Evalua�on Database); 

Search 3 - PubMed.

Primary search terms were: ‘atomoxe�ne’, ‘LY139603’, ‘Stra�era’, and ‘tomoxe�ne’. 
Limits applied were: ‘humans’, ‘all child (0 to 18 years)’. 
The strategy used to search the databases in Search 1 is shown in the Appendix.

Stage 2: Papers were selected against exclusion criteria, and then against inclusion criteria

Exclusion criteria - duplicates, case reports, case series, le�ers, guidelines, reviews or 
posters (unless they contained data not published in a primary paper), papers not 
wri�en in English, and papers that were only wri�en about pharmaco-economics, 
safety/tolerability, compliance/adherence rates, or only included animal subjects.

Inclusion criteria - treatment of ADHD in children and adolescents (6-18 years of age) 
using ATX monotherapy, or ATX combined with another approved ADHD treatment, in 
papers that reported efficacy outcomes. 

Stage 3: Papers were checked for suitability for 
inclusion in at least 1 of 10 predefined topics

See the 10 topics, and the numbers of 
systema�cally iden�fied papers included for 
each topic, in Table 1.

Papers identified
N=819

Papers identified
N=127

Papers excluded
N=692

Papers included in the review, in 
at least 1 of the 10 topics

N=125

Papers excluded due to a lack of relevant data 
in relation to the 10 predefined topics

N=2

Sumner et al. [169] - “objective” and “subjective” 
measures of ADHD were compared, and not ATX 

treatment per se.
Kratochvil et al. [170] - ATX was effective in 6-7 
year olds and 8-12 year olds, although there was 

no predefined topic under which data from this 
comparison could be reported.

Fig. 1 Selection of papers

about the efficacy of

atomoxetine treatment using a

predefined search strategy.

ADHD Attention-deficit/

hyperactivity disorder, ATX

atomoxetine, EBM evidence-

based medicine, N number of

papers
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Specifically, patients with the C allele of the rs3785143

mutation in the SLC6A2 gene were more likely to be

responders, and those with the T allele were more likely to

be non-responders (p = 0.0048)1, and the GG haplotype of

rs1800544 and rs553668 in the ADRA2A gene was asso-

ciated with non-remission (p = 0.0219).2 The SLC6A2

gene encodes a sodium-dependent norepinephrine trans-

porter, and the ADRA2A gene encodes the a2A-adrenergic

receptor.

The rate at which atomoxetine is metabolized by the

cytochrome P450 (CYP) 2D6 enzyme pathway may also

affect the efficacy of atomoxetine, as shown in a registra-

tion study and in a pooled analysis of data from four reg-

istration studies by Michelson et al. [18, 51]. About 7 % of

Caucasian people may be ‘‘poor metabolizers’’, as sug-

gested by a German study of 589 individuals who received

one of two drugs (dextromethorphan or debrisoquine) that

are metabolized by CYP2D6 [35]. In the pooled analysis by

Michelson et al. [51], poor metabolizers (n = 30) were

more likely than extensive metabolizers (n = 559) to

experience greater efficacy when treated with similar doses

of atomoxetine. However, as this was accompanied by

greater cardiovascular tone and greater prevalence of sev-

eral adverse events (e.g., tremor, decreased appetite), the

European atomoxetine SPC states that ‘‘for patients with a

known poor metabolizer genotype, a lower starting dose

and slower up-titration of the dose may be considered’’

[45]. In the Michelson et al. [18] registration paper, the

authors speculated that poor metabolizers may experience

greater efficacy either because of a ‘‘longer plasma half-life

(more constant and consistent receptor blockade) or higher

drug exposures’’. Conversely, in a post hoc analysis of

another study, involving patients with co-morbid ADHD/

oppositional defiant disorder (ODD), it was found that

higher atomoxetine plasma concentrations were not indic-

ative of improvements in ODD and ADHD at 12 weeks of

treatment, thus leading to the suggestion that ‘‘other factors

are involved in determining therapeutic response to ato-

moxetine’’ [52]. Indeed, it may be the case that neuroad-

aptation occurs within the brain as a consequence of long-

term exposure to atomoxetine, as suggested by several

molecular changes in rats that included a reduction in the

level of the norepinephrine transporter [43]. Hence, plasma

concentrations of atomoxetine may not always correlate

with the presentation of symptoms. In pediatric patients,

we postulate that the relatively gradual onset of atomoxe-

tine efficacy [53–55], and the gradual relapse of ADHD

symptoms that occur upon discontinuation of atomoxetine

treatment [56], may be indicative of neuroadaptation.

1 Response was defined as ‘‘at least a 25 % decrease from baseline on

the ADHD-RS-IV [ADHD–Rating Scale–IV] total score’’.
2 Remission was defined as ‘‘each ADHD-RS-IV item score B1 at the

end of the treatment’’.

Table 1 Papers identified using the predefined search strategy, included in at least one of ten predefined topics

Predefined topic Number of systematically

identified papersa
References

Mode of action and pharmacokineticsb 5 [48–52]

Dose 19 [14, 18, 19, 21, 52, 57–67, 86, 108, 151]

Clinical responsesc 33 [19, 21, 53–56, 59, 65, 67–82, 88, 89, 104, 111,

129, 131, 135, 139, 156]

Comparator datad 26 [48, 68, 83–100, 113, 130, 139, 143, 152, 153]

Functional outcomes/quality of life 36 [14, 18, 57, 71, 72, 76, 77, 87, 89, 94, 100–125]

Response to ATX after previous exposure

to other treatments, or in

treatment-naı̈ve patients

20 [14, 17, 53, 58, 68, 96, 100, 102, 106, 120, 121, 126–134]

Adolescent-specific data 9 [18, 55, 64, 71, 105, 124, 125, 135, 137]

Gender 7 [70, 104, 120, 122, 123, 138, 139]

Co-morbid conditions 43 [17–21, 52, 60, 78, 87, 101, 102, 104, 115, 117–119, 129,

137, 138, 140–153, 155–164]

Teacher rating of ADHD 19 [19, 20, 63, 98, 102–104, 109, 115, 119, 138, 149, 151,

155, 163, 165–168]

ADHD attention-deficit/hyperactivity disorder, ATX atomoxetine
a For each topic, the number of papers includes all papers that were identified as containing data in relation to the topic. However, occasionally it

was decided that a paper should not be reported under all the possible headings in the review, to avoid repetition
b Papers could be included if they contained data about the mode of action and/or pharmacokinetics
c Papers could be included if they contained data about the onset of action, trajectories of response, duration of effect, long-term efficacy,

maintenance of response, or relapse
d Papers could be included if they directly or indirectly compared efficacy data for ATX with another ADHD treatment
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However, it is also possible that the gradual relapse of

ADHD symptoms after discontinuing atomoxetine treat-

ment is attributable to patients having gained better skills

to cope with their symptoms.

3.2 Dose

Since dosing schedules and dose–response outcomes were

first explored in depth in the registration studies by

Michelson et al. (a twice-daily dosing, dose-response

study; n = 297 [18], and a once-daily dosing study;

n = 171 [19]), dose recommendations have not changed

for children/adolescents [45, 46]. In the registration studies,

once-daily dosing had the same magnitude of response as

twice-daily dosing, versus placebo [18, 19, 21, 57]. With

regard to once- or twice-daily dosing, and morning versus

afternoon/evening dosing, similar advice is issued in the

European atomoxetine SPC [45] and US Full Prescribing

Information document [46]. The European SPC states that

atomoxetine ‘‘can be administered as a single daily dose in

the morning, with or without food’’, although ‘‘patients

who do not achieve a satisfactory clinical response (toler-

ability [e.g. nausea or somnolence] or efficacy) … might

benefit from taking it as twice daily evenly divided doses in

the morning and late afternoon or early evening’’. Indeed,

as reported in a congress abstract from 2012, in a retro-

spective review of the referrals of 147 pediatric patients

who had failed to respond to once-daily atomoxetine, 75 %

appeared to respond to twice-daily dosing [58].3 It is also

possible that the time of day that once-daily atomoxetine is

administered may affect efficacy and tolerability. In a

placebo-controlled study (n = 288), while morning and

evening dosing of once-daily atomoxetine both resulted in

better symptom improvements when measured up to 24 h

later, the efficacy of morning dosing was superior to

evening dosing, based on greater reductions in ADHD–

Rating Scale (ADHD-RS) total score and hyperactivity/

impulsivity subscore, and Clinical Global Impressions

(CGI)–ADHD–Severity (CGI-ADHD-S) scores. Better

tolerability was gained with evening dosing [59].

In addition to the timing of atomoxetine dosing per day,

the impact of various other dosing variables were also

assessed in the registration studies, including the speed of

titration and the level of the maintenance dose. Body

weight-based dosing is recommended for children/adoles-

cents up to 70 kg in the European SPC and US Full Pre-

scribing Information for atomoxetine [45, 46]. Based on

the registration studies, the European and US labels

recommend that atomoxetine should be administered at a

starting dose of approximately 0.5 mg/kg/day (for at least

7 days in Europe, and at least 3 days in the USA), and

should then be up-titrated to a maintenance dose of

approximately 1.2 mg/kg/day, according to clinical

response and tolerability [45, 46]. According to the US

label, the maximum daily dose of atomoxetine ‘‘should not

exceed 1.4 mg/kg/day or 100 mg, whichever is less’’,

while the European SPC states that the safety of ato-

moxetine doses [1.8 mg/kg/day ‘‘have not been system-

atically evaluated’’. In the USA and Europe, the

recommendation for children/adolescents above 70 kg is to

up-titrate atomoxetine from a daily initiation dose of

40–80 mg, and the daily dose should not exceed 100 mg.

Speed of titration has been explored in recent studies.

According to Dittmann et al. [60], slower up-titration (i.e.,

0.5 mg/kg/day for 7 days, followed by 0.8 mg/kg/day for

7 days, and then 1.2 mg/kg/day) may be better tolerated

than faster up-titration (0.5 mg/kg/day for 7 days, then

1.2 mg/kg/day), although both titration schedules were

equally as effective in this 9-week study of 181 children/

adolescents with ADHD and co-morbid ODD. Similarly,

different switching speeds (2 vs. 10 weeks) from stimu-

lants to atomoxetine (standard target dose 1.2 mg/kg/day)

were recently investigated in 6- to 16-year-olds (111

patients); no clinically relevant differences in efficacy

measures were seen in this 14-week study [14].

The currently recommended maintenance dose of ato-

moxetine, 1.2 mg/kg/day, was established through the

8-week dose–response registration study by Michelson

et al. [18] (n = 297), in which a dose of 1.2 mg/kg/day was

more efficacious than 0.5 mg/kg/day, although 1.2 mg/kg/

day appeared to be as effective as 1.8 mg/kg/day. Similar

doses had previously been used in a small (n = 10) open-

label pilot study [61]. The efficacy of 1.2 mg/kg/day ato-

moxetine has now been demonstrated for the core ADHD

symptoms and functional outcomes in various non-regis-

tration studies of children/adolescents of different ages,

genders, and ethnicities (e.g., Cardo et al. [14], Dittmann

et al. [60], Cho et al. [62], and Takahashi et al. [63]).

Similarly, according to Wietecha et al. [64], in patients

(n = 178) who previously responded to 8 weeks of ato-

moxetine (defined as a decrease of C1 point on the CGI-

ADHD-S), treatment benefit was better maintained over an

additional 40-week period with 1.4 mg/kg/day, the maxi-

mum recommended maintenance dose of atomoxetine in

the USA, than with atomoxetine 0.8 mg/kg/day. Con-

versely, in patients (n = 229) who had a robust response to

atomoxetine (defined as C40 % reduction in ADHD-RS

total score), Newcorn et al. [65] reported that it may be

possible to sustain the response with low doses of ato-

moxetine (0.5 mg/kg/day) for 8 months; this is lower than

the maintenance dose (approximately 1.2 mg/kg/day)

3 However, these results should be viewed with caution, particularly

as the congress abstract does not state a definition for ‘‘treatment

failure’’, and we are not aware of these results having been published

in a full-length peer-reviewed study paper or of being replicated.
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recommended in the European and US labels [45, 46]. The

discrepant findings of Wietecha et al. [64] and Newcorn

et al. [65] may be due to methodological differences

between the studies, such as the aforementioned different

definitions of response used in each study, and differences

in sample characteristics between the studies.

As in the Michelson et al. [18] registration study, in

other studies [52, 65–67] the efficacy of atomoxetine has

also been investigated using maintenance doses (up to

3.0 mg/kg/day) that exceed the current recommendations

in the European SPC and US Full Prescribing Information

[45, 46], and which, therefore, are off-label. Overall, better

efficacy outcomes do not appear to be gained with higher

doses of atomoxetine [52, 65–67], compatible with the

findings of Michelson et al. [18], and similar to the state-

ment in the US Full Prescribing Information that ‘‘there are

no data that support increased effectiveness at higher

doses’’ [46]. For instance, Kratochvil et al. [67] demon-

strated that, in patients (n = 247) who were ‘‘non-

responders’’ (defined as ‘‘\40 % reduction in ADHD-RS

total score’’ or ‘‘ADHD-RS score remained C1 SD above

age and sex norms’’) to a standard dose of atomoxetine

over a 6- to 8-week period, persisting with this dose for

between 4 weeks and 8 months led to improvements in

ADHD symptoms, and no statistically significant advan-

tage was gained by changing to a higher dose of

atomoxetine.

3.3 Clinical Responses

Different definitions of clinical response may be used in

different trials [e.g., response may be defined as a partic-

ular percentage decrease in ADHD-RS total scores, such as

C25 %, or as any statistically significant decrease versus

placebo, or as a CGI-Improvement (CGI-I) score of 1 or 2],

thus complicating comparisons between trials. Various

clinical response-related issues have been considered in the

six registration studies and/or subsequent non-registration

studies. These issues are discussed in Sects. 3.3.1–3.3.4.

3.3.1 Time to Clinical Response

Clinical responses may be detected at 1 week of ato-

moxetine treatment, as shown for changes in mean ADHD-

RS total scores versus placebo in the registration study of

once-daily atomoxetine by Kelsey et al. [21]. Conversely,

in two non-registration studies, initial clinical responses

(defined as a CGI-I score of 1 or 2 [68], or a [25 %

reduction in ADHD-RS total score [69]) appeared to take

appreciably longer; a median of 21 days (95 % CI 15–23;

n = 134) in one study [68], while the median of 23 days

(95 % CI 13–32; n = 72) was significantly (p \ 0.001)

faster than the 50 days (95 % CI 32—not estimated;

n = 33) with placebo in an RCT [69]. However, in other

non-registration studies, clinical responses have been

detected much earlier than after 23 days. In a 9-week study

in 51 girls by Biederman et al. [70], statistically significant

differences in efficacy were apparent between atomoxetine

and placebo at the first follow-up visit, 1 week after

starting treatment, and this was maintained until the end of

the study. In a 24-week study, changes in Global Impres-

sion of Perceived Difficulties (GIPD) scores (which reflect

the degree of impairment, the level of psychosocial func-

tioning and quality of life [QOL]) were greatest in the first

2 weeks of atomoxetine treatment [71].

3.3.2 Trajectories of Response Over Time, and Long-Term

Efficacy

Clinically meaningful improvements in ADHD symptoms

are often observed after a few weeks of atomoxetine

treatment. For instance, in an open-label study of 604

pediatric patients with ADHD, ADHD-RS total scores

decreased by 56.7 % after 10 weeks, such that 69 % of

patients had ‘‘no or minimal symptoms’’ [72]. There

appears to be some heterogeneity in response rates in

geographic regions, although atomoxetine is an effective

treatment in all locations (Asia, Europe, North America,

and Russia) [40], and responses appear to be similar by

ethnic group in the USA, i.e., Caucasian, African Ameri-

can, and Latino [73, 74].

With regard to response rates, the IDEA (Integrated

Data Exploratory Analysis) study is a notable pooled

analysis of six US studies, including five of the six regis-

tration RCTs and one other RCT. In the IDEA study, at

6–9 weeks of atomoxetine treatment (n = 618), 47 % of

patients were ‘‘much improved’’ (defined as C40 %

decrease in ADHD-RS scores), only 13 % of patients were

‘‘minimally improved’’ (25 to \40 % decrease), and the

remaining 40 % of patients were ‘‘non-responders’’

(\25 % decrease) [53]. The authors of the IDEA study

noted that, at endpoint, ‘‘subjects who ultimately achieved

a much improved response were likely to be at least min-

imal responders by week 4’’ [53]. Specifically, the likeli-

hood of being ‘‘much improved’’ at 6–9 weeks was 75 %

for patients who were ‘‘at least minimally improved’’ at

4 weeks and 21 % for those who were ‘‘non-responders’’ at

week 4 [53]. This paper [53] and results from other pooled

analyses of data from several clinical trials suggest that

responses to the first few weeks of treatment may help

predict responses over time, including changes in individ-

ual ADHD-RS items [75] and, in a conference abstract,

health-related QOL (HR-QOL) [76].

Conversely, another pooled analysis of data from three

Canadian open-label trials by Dickson et al. [54], involving

338 children with ADHD, suggests that the number of
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children gaining a ‘‘robust improvement’’ (defined as

C40 % decrease in ADHD-RS scores) may increase sub-

stantially beyond the 6-to 9-week endpoint used in the

IDEA study. According to Dickson et al. [54], the proba-

bilities of gaining a robust improvement were 47 % at

4 weeks, 76 % at 12 weeks, 85 % at 26 weeks, and 96 %

at 52 weeks. In addition, in two other open-label studies

that were reported together [67], for patients who were said

to be ‘‘non-responders’’ (defined as ‘‘\40 % reduction in

ADHD-RS total score’’ at 8 weeks in Study 1, and as

patients ‘‘whose ADHD-RS score remained C1 SD above

age and sex norms’’ at 6 weeks in Study 2) to a standard

dose of atomoxetine, 53 % (32/60 patients in Study 1) and

26 % (15/58 patients in Study 2) responded when persist-

ing with this dose for 8 months and 4 weeks, respectively.

Based on these data, it seems likely that a significant

proportion of those who only have partial responses, and

possibly those considered to be non-responders to ato-

moxetine at 4 weeks, will go on to have robust responses

beyond this timepoint, and thus stopping atomoxetine in

these patients at 4 weeks will potentially deny a treatment

that could eventually benefit them.

However, caution should be exercised when viewing the

data from all of these analyses [53, 54, 72, 75, 76], as

methodological details could affect their results. In Dick-

son et al. [54], the open-label study design could have

encouraged clinician bias when estimating improvements,

and thus response rates may have been overestimated,

although this is unlikely to have affected the overall finding

of increased probability of response beyond 4 weeks of

atomoxetine treatment. Similarly, in the IDEA [53] and in

the Dickson et al. [54] studies, response rates may have

been overestimated due to discontinuations: 79.9 % of 618

patients completed atomoxetine treatment (6–9 weeks) in

the IDEA study [17–19, 21, 44, 53], and 70.4 % of 338

patients completed the three longer clinical trials (with

endpoints at 13, 26, and 52 weeks) in Dickson et al. [44,

54], although only 10.7 % of the 338 patients discontinued

due to lack of efficacy [54]. In addition, symptoms were

only reported at C1-month intervals in the Dickson et al.

[54] paper; this may have affected the time-to-effect of

atomoxetine. Furthermore, in the Dickson et al. paper [54]

a relatively slow upward titration schedule was used:

0.5 mg/kg/day for 10 days, followed by 0.8 mg/kg/day for

10 days, 1.2 mg/kg/day for at least 10 days, and up to

1.4 mg/kg day allowed thereafter in two of the three

studies in this pooled analysis. The authors acknowledged

that slow titration ‘‘may have had some impact on early

response rates, but it is unlikely that the dosing of ato-

moxetine during the initial part of the study impacted the

major finding of the study, which was that there is slow but

progressive improvement over time during atomoxetine

treatment long after titration is complete’’.

Long-term efficacy of atomoxetine was not addressed in

the six registration studies, which were 6–9 weeks in

duration. Once clinical responses to atomoxetine treatment

have been established, they can be sustained in the long

term, as shown in various post-registration studies, with

durations ranging between 9 months and 2 years, in chil-

dren and adolescents [55, 56, 77–79]. For instance, in a

pooled analysis of data from 13 atomoxetine studies

(including short-term double-blind or short-term open-label

phases, and open-label extension phases), Wilens et al. [55]

reported that 219 (36.4 %) of 601 adolescents completed at

least 2 years of atomoxetine treatment. Only 16.5 % (99 of

601) adolescents discontinued due to lack of efficacy dur-

ing this 2-year period, and ADHD-RS total scores

decreased from a mean (SD) of 34.7 (10.2) to 14.5 (10.7).

Notably, the maximum response to atomoxetine did not

appear to be reached until 6 months of atomoxetine treat-

ment, and symptoms remained improved up to 2 years

without increasing the dosage (mean dose of atomoxetine

at endpoint was 1.41 mg/kg/day) [55].

Atomoxetine has also been shown to be effective at

preventing relapse of ADHD symptoms in three clinical

studies with initial treatment periods of 10–52 weeks [56,

77, 78] and was not influenced by the presence of co-

morbid ODD [78]. Buitelaar et al. [56] reported that for

children/adolescents (n = 163) who had responded to

treatment with atomoxetine for 1 year, who were then

randomized either to atomoxetine or placebo for a further

6 months, atomoxetine was superior to placebo at pre-

venting relapse and maintaining the response. For instance,

only two (2.5 %) of 81 patients relapsed with atomoxetine

versus 10 (12.2 %) of 82 patients with placebo [the relative

risk ratio for relapse was 5.6 (95 % CI 1.2–25.6)]4, and the

mean (SD) number of days to relapse was 160.5 (0.7) with

atomoxetine versus 130.8 (3.1) with placebo (p = 0.008).

However, as can be seen by these data, relapse rates with

placebo were limited, at least partly due to the study

design, e.g., all patients had to be clear clinical responders

before randomization to treatment with atomoxetine or

placebo. The limited relapse rates with placebo suggest that

many patients may stay well for several months without

atomoxetine treatment, after being treated with atomoxe-

tine for 1 year. We speculate that for some of these patients

4 The primary outcome measure was comparison of mean time to

relapse, defined as an increase in ADHD-RS total score to 90 % of the

score at study entry and an increase in CGI–Severity [CGI-S] score of

C2 points above the CGI-S score at the end of the initial 10 weeks of

treatment. A secondary definition of relapse (C50 % worsening in

ADHD-RS severity score above the last pre-randomization visit)

resulted in similar relapse rates [atomoxetine, 6/81 (7.4 %); placebo,

16/82 (19.5 %); p = 0.037; relative risk ratio, 3.0 (95 % CI 1.2–7.6)].

A greater number of patients who received atomoxetine completed

the 6-month randomized phase [65/79 (82.3 %)] than did those who

received placebo [54/81 (66.7 %); p = 0.030].
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this may be due to adaptive changes at the brain level that

have stabilizing effects, a hypothesis that is supported by

observations of molecular changes in rats [43], although it

could also be due to numerous other factors, e.g., it may be

the case that patients gained better skills to cope with their

symptoms. Indeed, for the patients who were assigned to

discontinue atomoxetine in the 1-year study, when symp-

toms returned they were generally less severe than at study

entry [56]. Moreover, the findings of Buitelaar et al. [56]

are also compatible with atomoxetine treatment guidelines

[45, 46]. Specifically, the European SPC states that treat-

ment with atomoxetine ‘‘need not be indefinite. Re-evalu-

ation of the need for continued therapy beyond 1 year

should be performed, particularly when the patient has

reached a stable and satisfactory response’’ [45], while the

US label states that the physician should ‘‘periodically

reevaluate the long-term usefulness of the drug for the

individual patient’’ [46].

3.3.3 Maintenance of Clinical Responses to Atomoxetine

Throughout the Day

Several studies support the maintenance of clinical

responses throughout the day gained from atomoxetine

administered once daily in the morning. In the Michelson

et al. [19] and Kelsey et al. [21] registration studies, after a

single administration in the morning, efficacy ratings in

parent diaries suggested that the effects of atomoxetine

were sustained late in the day [19, 21] and into the morning

of the following day [21]. More recently, in a single report

of two almost identical open-label studies of a morning

dose of atomoxetine, ADHD-related difficulties, assessed

in the mornings and evenings using the Weekly Rating of

Evening and Morning Behavior–Revised (WREMB-R)

scale, were reduced significantly by week 2, and scores

then remained stable to study endpoint (week 24) in

pediatric patients (n = 421) [80]. This response was

accompanied by improvements in ADHD-related difficul-

ties, when assessed in the morning, during school, during

homework, and in the evening using the GIPD scale [80].

Compatible findings were also reported for an 8-week trial

when ADHD-related symptoms were measured using a

computer-based continuous performance test combined

with a motion-tracking device [81].

3.3.4 Clinical Responses to Combined Treatment

with Atomoxetine and Methylphenidate

Clinical responses to combined treatment with atomoxetine

and methylphenidate have been assessed in an open-label

study [82]. Patients who were only partial responders to a

minimum of 4 weeks of atomoxetine monotherapy were

subsequently treated for 3 weeks with a combination of

atomoxetine and osmotic release oral system (OROS)

methylphenidate. While statistically significant improve-

ments were detected in ADHD symptoms and functioning,

according to the ADHD-RS, CGI-S, and Behavior Rating

Inventory of Executive Functioning (BRIEF), unfortu-

nately the lack of a control group makes it unclear whether

these improvements were a consequence of adding the

methylphenidate treatment or whether they would have

occurred anyway through continuation of atomoxetine

monotherapy [82].

3.4 Comparator Data

All six registration studies were designed to assess the

effectiveness of atomoxetine relative to placebo, but not in

relation to other comparators. In the two registration

studies by Spencer et al. [17], patients were also random-

ized to a methylphenidate arm. However, these two proof-

of-concept studies were not statistically powered for head-

to-head comparison of atomoxetine and methylphenidate;

the methylphenidate arm was only included as a means to

validate study design in the event that atomoxetine failed to

separate from placebo.

The need to know how atomoxetine compares with other

treatments has been an area of ongoing clinical research.

However, these comparative analyses are often limited by

various factors. Most notably, comparisons are usually

restricted to very short treatment durations. While patients

tend to respond quickly to stimulant medications, responses

to atomoxetine tend to build over time and may not be

maximal until after 3 months of treatment [55], thereby

complicating these comparisons. Indeed, faster responses

have been detected with mixed amphetamine salts exten-

ded release (MAS XR [83, 84]) and lisdexamfetamine [68,

85], both of which are stimulants, and guanfacine extended

release (GXR [86]), versus atomoxetine in studies or meta-

analyses that were B9 weeks in duration. The comparison

of MAS XR with atomoxetine is extremely limited because

data were only collected up to 3 weeks after starting

treatment [83] and these data were only extrapolated to

3 months [84]. Moreover, two meta-analyses, comparing

lisdexamfetamine and GXR with atomoxetine, are limited

by indirect comparison as well as short durations [85, 86].

When treated over longer timespans, other studies sug-

gest that atomoxetine is at least as effective as alternative

ADHD medications, including stimulants. In a retrospec-

tive chart review, after approximately 6 months of treat-

ment with the same medication, patients with ADHD who

received atomoxetine (n = 85) ‘‘improved at least as well’’

as patients using stimulants (n = 81) [87]. In addition, in a

1-week study using electronic diaries, in which patients had

been treated for at least 2 months, behavioral profiles were

similar for children treated with atomoxetine (n = 25)
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versus stimulants (n = 26), with ‘‘indications of better

functioning in the ATX group during mornings’’ [88].

Moreover, over a 12-month period, starting with two

groups of 199 patients who received atomoxetine versus

any other type of ADHD medication, mainly methylphe-

nidate, improvements in QOL and functional impairment

were said to be ‘‘meaningful and stable’’ for each group.

Differences between the two groups were described as

‘‘small and not considered clinically relevant’’ [89].

Another possible limitation, which may bias the inter-

pretation of comparator data, is that patients may or may

not have previously received treatment with stimulants, and

those who had had an inadequate response to stimulant

treatment were often excluded from the comparator stud-

ies; however, this was not necessarily the case for patients

who received atomoxetine [90]. Furthermore, comparator

studies may not be statistically powered to reliably detect

differences between the various ADHD treatments. To

improve statistical power, data from the two atomoxetine

registration studies by Spencer et al. [17] have been

incorporated into cumulative datasets, in two large meta-

analyses of atomoxetine vs. methylphenidate, by Hazell

et al. [90] (n = 1,368) and Hanwella et al. [91]

(n = 2,762). These meta-analyses indicate that atomoxe-

tine may be comparable to methylphenidate [90, 91], par-

ticularly the immediate-release (IR) formulation [91], as a

treatment for the core symptoms of ADHD. Hazell et al.

[90] included seven RCTs (five double-blind and two open-

label, 6–10 weeks’ duration [17, 92–96]) in their meta-

analysis, while Hanwella et al. [91] included the same

seven studies [17, 92–96] plus two additional open-label

RCTs (3 and 12 weeks’ duration [97–99]). In Hazell et al.

[90], atomoxetine was found to be non-inferior to meth-

ylphenidate, primarily based on 6-week response rates

(C40 % reduction in ADHD-RS total score)5, i.e., 53.6 %

(95 % CI 48.6–58.4) of patients responded with atomoxe-

tine versus 54.4 % (95 % CI 47.6–61.1) with methylphe-

nidate, while Hanwella et al. [91] did not find a significant

difference between atomoxetine and methylphenidate

(p = 0.29, effect size difference 0.09, 95 % CI -0.08 to

0.26). Notably, the IR and OROS types of methylphenidate

were used in both meta-analyses; in subgroup analyses by

Hanwella et al. [91], the effect size [0.32 (95 % CI

0.12–0.53); p \ 0.002] favored OROS methylphenidate,

while atomoxetine was similar to IR methylphenidate

[–0.04 (95 % CI –0.19 to 0.12); p = 0.64]. Also, in a very

small cross-sectional study, marginally higher self-esteem

appeared to be gained after 6 months using

methylphenidate (n = 18) than using atomoxetine

(n = 23), based on mean (SD) Self-Esteem Multidimen-

sional Test total scores of 96.39 (12.3) vs. 85.48 (9.9)

(p = 0.048) [100]. Accordingly, overall the evidence

indicates that the short-term efficacy of atomoxetine is

comparable with methylphenidate, particularly the IR

formulation.

Of course, in these comparative analyses, it is standard

that average responses are compared between whole

treatment populations; however, individual ADHD patients

do respond differently to different ADHD medications. In

addition, choice of medication may be related to the indi-

vidual patient’s requirements. For example, if a rapid onset

of effect is required then stimulants may be more appro-

priate than atomoxetine, whereas atomoxetine may be

appropriate if the treatment effect is required throughout

the day, or if abuse of stimulants is suspected, due to the

lack of abuse potential associated with atomoxetine [16].

Furthermore, children with ADHD may experience less

sleep disturbance with atomoxetine than with methylphe-

nidate [93].

3.5 Functional Outcomes/Quality of Life

HR-QOL is a multidimensional concept, based on self-

reported functional outcomes, such as physical, social, and

psychological aspects of health. While HR-QOL is largely

distinct from ADHD symptoms and objective functional

outcomes, HR-QOL closely depends on the patient’s sub-

jectively perceived impact of the disorder and treatment on

the level of physical, social, and psychological health.

In the 8-week registration study (n = 297) by Michelson

et al. [18], using the Childhood Health Questionnaire

(CHQ; a well-validated QOL instrument with subscales for

mental health, self-esteem, general behavior, and emo-

tional distress), atomoxetine was superior to placebo at

improving social and family functioning. Since this study

was published, an extensive number of studies (at least 35

papers) have demonstrated that various functional out-

comes and QOL improve in children/adolescents with

ADHD following treatment with atomoxetine, using vari-

ous outcomes measures, both in the short-term (approxi-

mately 8–12 weeks) and long-term (6–24 months) [14, 57,

71, 72, 76, 77, 87, 89, 94, 100–125].

With regard to the short-term, in an 8-week non-regis-

tration study of 249 children, using the CHQ, atomoxetine-

induced improvements in ADHD symptoms were related to

improvements in psychosocial and family functioning, and

were also related to reductions in the burden of illness on

the child and parent [108]. Similarly, in a large pooled

analysis of data from 794 patients from five clinical trials,

8–12 weeks in duration, QOL [based on the Child Health

and Illness Profile, Child Edition (CHIP-CE)] was shown to

5 The definition of non-inferiority was ‘‘if the lower limit of the

2-sided 95 % CI for the difference in proportion of responders (ATX

[atomoxetine] minus MPH [methylphenidate]) is greater than -15%,

ATX will be considered non-inferior to MPH’’.
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correlate with improvements in the core ADHD symptoms

[107]. Also, in 564 atomoxetine-treated patients, using the

Life Participation Scale for ADHD–Child Version,

improvements in ADHD symptoms correlated with

improvements in social and behavioral functioning [114].

In a 24-week study, using the GIPD instrument, which

reflects overall impairment, psychosocial functioning, and

QOL, 6- to 11-year-old ADHD patients’ QOL appeared to

improve over time using atomoxetine (n = 262) [116]. In

another 24-week study in 159 adolescents, GIPD scores,

self-esteem, and ADHD symptoms improved over time

[71, 105]. Two other sizable, long-term studies are also of

note. In a global multicenter study of 416 children and

adolescents who responded to an initial 12-week period of

treatment with atomoxetine, 9 months after being ran-

domized to continued atomoxetine treatment or placebo,

these atomoxetine-treated patients had better psychosocial

functioning [77]. In the other study, involving 912 chil-

dren and adolescents over a 24-month period, improve-

ments in QOL, measured using the CHQ, that were gained

via atomoxetine treatment were generally stable over time

[111].

Improvements in functional outcomes and QOL have

also been demonstrated in patients with ADHD and co-

morbid conditions such as ODD following 8–9 weeks of

treatment with atomoxetine [101, 102, 115, 117, 118].

Accordingly, a large body of clinical evidence suggests

that atomoxetine has an impact on QOL as well as on the

core ADHD symptoms. However, it must be acknowledged

that ADHD symptom measures do not always correlate

well with QOL, e.g., as shown by Wehmeier et al. [124],

presumably because patients have other aspects of their

lives, in addition to their ADHD, that affect QOL.

3.6 Response to Atomoxetine After Previous Exposure

to Other Treatments, or in Treatment-Naı̈ve

Patients

The six registration studies for atomoxetine all included

patients with prior exposure to ADHD treatments, but did

not study the effectiveness of atomoxetine in these patients

as a subgroup. Given that atomoxetine and psychostimulant

medications have somewhat different mechanisms of

action [24, 26–30], it is perhaps not surprising that several

papers (at least eight) now indicate that pediatric ADHD

patients who fail to respond adequately to stimulants, or

fail to tolerate stimulants, including methylphenidate and

amphetamine, may benefit from switching to atomoxetine

treatment [14, 58, 68, 96, 126–129]. For instance, in a

recent study of 134 patients who had previously responded

inadequately to methylphenidate, 63.6 % responded to

atomoxetine treatment 9 weeks after switching to ato-

moxetine [68]. Conversely, in a study by Niederkirchner

et al. [130], subsequent treatment with OROS methylphe-

nidate in 42 patients who did not tolerate or had an

insufficient response to atomoxetine was associated with

improved ADHD symptoms and HR-QOL.

In addition to lack of response with medications, ato-

moxetine may be a viable alternative following inadequate

responses to non-pharmacological treatments. In a study of

156 patients with co-morbid ADHD/ODD, only two

patients responded to parental support (defined as ‘‘parents

received weekly series of advice on the management of the

behavioral problems of their children from qualified psy-

chologists or child neuropsychiatrists, based on standard-

ized procedures’’), whereas statistically significant

improvements were seen in ADHD and ODD symptoms

following treatment with atomoxetine [102]. However,

treatment of ODD is an off-label use of atomoxetine.

Evidence from the registration studies for the effec-

tiveness of atomoxetine as a first-line medication for

ADHD is limited to the two RCTs by Spencer et al. [17], in

which the effects of atomoxetine treatment were assessed

in 56 stimulant-naı̈ve school-age children, albeit combined

with data from 73 atomoxetine-treated children with prior

stimulant exposure. In these two double-blind 12-week

trials, atomoxetine significantly reduced ADHD symptoms

[shown using three rating scales: ADHD-RS total scores,

CGI-ADHD-S and Conners’ Parent Rating Scale (CPRS)-

ADHD Index] relative to placebo [17].

Several other papers (at least seven) now indicate that

atomoxetine is an effective first-line medication for

ADHD, based on reductions in core ADHD symptoms and

improved functional outcomes and QOL, determined in

cohorts of children/adolescents who were all treatment

naı̈ve [106, 120, 121, 131–134]. For instance, in a ran-

domized, double-blind, placebo-controlled trial in treat-

ment-naı̈ve children/adolescents with ADHD (n = 151),

symptoms measured using ADHD-RS improved signifi-

cantly, with a large effect size of 0.8, after 12 weeks of

atomoxetine treatment [131]. At the end of the study, 50 %

of atomoxetine-treated patients, versus 14 % with placebo,

experienced C40 % reductions in the total ADHD-RS-IV-

Parent Version: Investigator-Administered and Scored

(ADHDRS-IV-Parent:Inv) score, and only 29 %, versus

46 % with placebo, were severely ill (by CGI-ADHD-S).

Similarly, during an open-label 12-week trial of atomoxe-

tine in 30 drug-naı̈ve boys with ADHD in Taiwan, signif-

icant improvements were observed in visual memory,

attention, and school functioning [120]. In addition,

improvements in core ADHD symptoms and academic

grades have also been seen over 24 weeks of atomoxetine

treatment, although no correlations were detected in mean

improvements in these outcomes [132].

In an RCT by Svanborg et al. [134], 10 weeks of ato-

moxetine treatment, when combined with psychoeducation,
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was found to be particularly effective in stimulant-naı̈ve

pediatric patients with ADHD (n = 49), relative to placebo

(n = 50), with an effect size of 1.3 on the investigator-

rated ADHD-RS. The authors noted that this effect size

was ‘‘considerably higher than the previously published

average effect size across 11 investigator-rated atomoxe-

tine trials (effect size of 0.7) and LOCF [last observation

carried forward] effect sizes of 0.6-0.8 in an overview of 6

other atomoxetine trials’’. We hypothesize that effect sizes

may be particularly large in treatment-naı̈ve patients [131,

134] because these patients may be more willing to wait for

the onset of action, relative to patients who have previously

experienced rapid stimulant-like effects. However, in the

IDEA study, there appeared to be no effect of treatment

naivety versus previous stimulant use on treatment out-

comes when assessing potential predictors of response

status at 6–9 weeks relative to at 4 weeks using logistic

regression (n = 378) [53]. In the RCT by Svanborg et al.

[134], the large effect size of 1.3 was postulated to be ‘‘a

result of including stimulant-naive patients only’’, although

the authors also suggested that it may be related to ‘‘a

positive interaction between atomoxetine treatment and

psychoeducation, possibly by increased compliance’’. In

addition, in another paper by Svanborg et al. [121], the

10 weeks of combined atomoxetine treatment with psy-

choeducation also positively affected various everyday

coping abilities of the treatment-naı̈ve patients and their

families, whereas the patients’ self-image and their parents’

image of the climate in the family were not significantly

improved.

3.7 Adolescent-Specific Data

Atomoxetine may be appealing for use in adolescents

because of the convenience of once-daily administration,

the long duration of action per day, and the lack of abuse

potential. Indeed, adolescents with ADHD have an

increased risk of SUD [16, 36, 37]. Moreover, at this

important stage in school life, ADHD symptoms are also

linked to academic underachievement [3, 38] as well as

criminal behavior [2, 7] and impaired social and family

functioning [1–3].

Two of the six registration studies included data from

adolescents [18, 19], although data were only analyzed in

adolescents and older children (those above the median age

of 10.8 years) as a subgroup in the Michelson et al. [18]

study. These older pediatric patients responded well to

atomoxetine and, unlike in younger children, showed a

statistically significant response to atomoxetine 0.5 mg/kg/

day, which was to a similar degree as with the 1.2 and

1.8 mg/kg/day doses. However, the authors concluded that

‘‘although it is possible that these results indicate that

adolescents have a different dose-response pattern

compared with younger children based on some other

factor, we believe that it is more likely an artifact of the

smaller number of adolescents and older children, resulting

in less precise measurement’’.

We identified two large meta-analyses in which ado-

lescent-specific data were compared with data from

younger children. The meta-analysis by Wilens et al. [135]

was based on data from 176 adolescents (12–17 years old)

and 851 children (6–11 years old) from the six registration

studies, while the other meta-analysis, by Wehmeier et al.

[124], was based on five studies that were published more

recently, lasted 8–12 weeks, and involved 183 adolescents

(12–17 years old) and 611 children (6–11 years old). In

both meta-analyses, adolescents had statistically signifi-

cantly lower baseline ADHD-RS scores than children, due

to higher hyperactive/impulsive subscores in children,

although there were no significant differences in inattentive

subscores. Also at baseline, adolescents in the study by

Wehmeier et al. [124] had greater impairment in some

subdomains of the CHIP-CE (i.e., Family Involvement,

Satisfaction with Self, and Academic Performance), and

adolescents subsequently experienced greater efficacy with

atomoxetine, versus children, in both the Risk Avoidance

domain and the Threats to Achievement subdomain of

CHIP-CE. In Wilens et al. [135], there were no statistically

significant differences in the overall effects of atomoxetine

on ADHD symptoms (based on ADHD-RS, CPRS, and

CGI-S), response rates, or time-to-response between the

two age groups.

In an adolescent-only, single-site RCT, the efficacy of

atomoxetine treatment, combined with motivational inter-

viewing/cognitive behavioral therapy (MI/CBT) [n = 35;

mean (SD) 16.06 (1.35) years old], was not statistically

significantly different to placebo plus MI/CBT [n = 35;

mean (SD) 16.11 (1.78) years old] as a treatment for

ADHD or co-morbid non-tobacco SUD over a 12-week

study period. The authors postulated that these findings

may be related to the use of MI/CBT [47]. Also in this

RCT, statistically significant pre–post decreases in ADHD

symptoms [indicated by self-report Diagnostic and Statis-

tical Manual of Mental Disorders, fourth edition (DSM-IV)

[136] ADHD checklist scores] were reported for ato-

moxetine plus MI/CBT [mean decrease 18.19 (95 % CI

13.41–22.97)], as well as for placebo plus MI/CBT [mean

decrease 19.02 (95 % CI 13.97–24.07)] [47]. However,

several other papers (at least six) attest to the effectiveness

of atomoxetine solely in adolescent patient populations [55,

64, 71, 105, 125, 137], including a long-term meta-analysis

involving 601 adolescents, 219 of whom were treated with

atomoxetine for at least 2 years [55], two papers describing

a 40-week study (n = 178) [64, 125], and two papers

describing a 24-week study (n = 159) [71, 105]. In the

40-week study, for adolescents who previously responded
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to 8 weeks of atomoxetine, treatment benefit was better

maintained with 1.4 mg/kg/day than with 0.8 mg/kg/day,

based on the ADHD-RS. Also in this 40-week study,

improvements were seen in adaptive functioning, age-

appropriate developmental functioning [64], self-reported

high-risk behaviors, and overall HR-QOL [125]. QOL,

self-esteem, and ADHD symptoms also improved in the

24-week study [71, 105].

3.8 Gender

Given that a greater proportion of boys than girls are di-

agnosed with ADHD (estimated ratios range between 2:1

and 9:1) [39], it is not surprising that most studies of ato-

moxetine have been conducted in patient populations pre-

dominantly comprised of boys. In the six registration

studies, male patients accounted for 71–81 % of the study

populations; however, data were not reported for single-sex

cohorts in these studies. There is a scarcity of studies

comparing the efficacy of atomoxetine between the gen-

ders, although core ADHD symptoms and QOL were

shown to improve to a similar extent for both genders (658

boys, 136 girls) following 8–12 weeks of atomoxetine

treatment in a pooled analysis of five studies by Wehmeier

et al. [123]. Similar improvement for the sexes (338 boys,

83 girls) was also shown for QOL following 8 and

24 weeks of atomoxetine treatment in a pooled analysis of

two studies [122]. However, in contrast with the afore-

mentioned publication by Wehmeier et al. [123], in a meta-

analysis of nine randomized placebo-controlled trials

(atomoxetine:placebo n = 1,150:678), male gender

(p = 0.02) was associated with smaller reductions in

ADHD symptoms [104].

In addition, there are a few small studies of atomoxetine

solely in single-sex cohorts [70, 120, 138, 139]. In school-

age girls, an RCT indicated that 9 weeks of atomoxetine

treatment (n = 30) was superior to placebo (n = 21) at

managing ADHD symptoms (according to ADHD-RS,

CPRS, CGI-S) [70]. Also in girls, with the combined

subtype of ADHD, 18 days of treatment with MAS XR

(n = 26) was significantly more effective than atomoxetine

(n = 31) in terms of classroom behavior, attention, and

academic productivity [139]. However, given that ato-

moxetine often takes several weeks for responses to build,

18 days of treatment is unlikely to be a sufficient timescale

over which to compare these medications.

3.9 Co-Morbid Conditions

In the six registration studies, the patients had often been

diagnosed with co-morbid conditions as well as ADHD.

However, in the registration studies, the efficacy of ato-

moxetine was not analyzed in subsets of co-morbid

patients. The most commonly reported co-morbid condi-

tion in the registrations studies, ODD, affected 19–48 % of

patients [17–21]. Other co-morbid conditions included

depression, generalized anxiety disorder, conduct disorder

(CD), and learning disorder [17–21].

Today, a range of studies have been published sug-

gesting that atomoxetine is an effective medication for

ADHD in children and adolescents with various types of

co-morbidity. In some cases, it is possible that atomoxetine

may positively influence the symptoms of the co-morbid

condition. However, as stated in the European SPC and in

the US Full Prescribing Information document [45, 46],

atomoxetine is only indicated for the treatment of ADHD;

it has not been approved as a treatment for any other

condition, including co-morbidities of ADHD.

3.9.1 Atomoxetine Treatment in Real-World Attention-

Deficit/Hyperactivity Disorder (ADHD) Populations

Patients with ADHD frequently suffer from concomitant

psychiatric conditions. In a retrospective chart review of a

‘‘real-world ADHD population’’, comprised of 166 patients

who often had co-morbidities, mainly ODD/CD (25 %),

mood disorders (19 %), and anxiety disorders (18 %), the

effectiveness and tolerability of atomoxetine (n = 85) was

comparable with that of stimulants (n = 81) [87]. More-

over, in another naturalistic study, in which 627 youngsters

with ADHD were treated with atomoxetine, ‘‘ADHD

severity was improved similarly in patients across comor-

bid conditions (e.g. anxiety, depression, learning disor-

ders)’’ [129].

3.9.2 Atomoxetine Treatment in Patients with ADHD

in Relation to Specific Co-Morbid Conditions

In addition to ‘‘real-world ADHD populations’’, atomoxe-

tine studies often focus on a single co-morbid condition in

patients with ADHD. We have already discussed treatment

of ADHD with atomoxetine in adolescents with co-morbid

SUD in the Sect 3.7. Other co-morbidities include those

discussed in the following sections.

3.9.2.1 Tics and Tourette’s Syndrome Atomoxetine,

when studied for 16–18 weeks, appears to be an effective

treatment for ADHD and tics in pediatric patients with co-

morbid Tourette’s syndrome or chronic motor tic disorder

[140–142]. For instance, in 148 children and adolescents,

randomized to up to 18 weeks of atomoxetine or placebo,

improvements were observed both in the severity of ADHD

(effect size = 0.6) and tics (effect size = 0.3) [142]. This

study was the source for all atomoxetine-treatment data in a

meta-analysis, alongside eight other placebo-controlled

studies of five other medications, in a total of 477 patients
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with ADHD and co-morbid tics [143]. Significant

improvements were gained in ADHD and tic severity fol-

lowing treatment with atomoxetine, methylphenidate, a2

agonists (clonidine and guanfacine), or desipramine.

However, no improvement in ADHD was observed with

deprenyl6, ADHD symptoms were not investigated during

treatment with dexamphetamine, and tic severity worsened

following supratherapeutic doses of dexamphetamine

[143].

3.9.2.2 Depression, Bipolar Disorder, and Anxiety Ato-

moxetine appears to be an effective treatment for ADHD in

children and/or adolescents with co-morbid depression,

bipolar disorder, or anxiety [129, 137, 144–146]. In 142

adolescents with co-morbid major depressive disorder

(MDD), improvements in ADHD symptoms were greater

after 9 weeks of atomoxetine treatment relative to placebo

[mean (SD) ADHDRS-IV-Parent:Inv total score -13.3

(10.0) vs. -5.1 (9.9), respectively; p \ 0.001), without

improvement in MDD [137]. Similarly, in 12 youngsters

with co-morbid ADHD and bipolar disorder, 8 weeks of

atomoxetine appeared to be effective as a treatment for

ADHD symptoms when the patients were receiving mood

stabilizers or antipsychotics [144]. In another study, ato-

moxetine was also an efficacious treatment for ADHD over

a 12-week period in pediatric patients with co-morbid

anxiety, and was accompanied by improvements in anxiety

[mean (SD) Pediatric Anxiety Rating Scale total score

-5.5 (4.8), n = 55, vs. placebo -3.2 (5.0), n = 58;

p = 0.011] [145].

3.9.2.3 Oppositional Defiant Disorder ODD is often

found in patients with ADHD, and is probably the most

extensively studied ADHD co-morbidity. Numerous stud-

ies (usually with patient populations in the hundreds, often

placebo-controlled, and often with 6–12 weeks of treat-

ment) indicate that ADHD symptoms improve following

treatment with atomoxetine in patients who have co-mor-

bid ODD [52, 60, 78, 101, 102, 117, 118, 147–149]. When

studied, these improvements are also accompanied by

improvements in QOL [117, 118]. However, it is currently

uncertain whether or not the efficacy of atomoxetine as a

treatment for ADHD is affected by co-morbid ODD [104,

150].

There is evidence that atomoxetine may be associated

with improvements in ODD symptoms in patients with

ADHD [52, 60, 78, 101, 102, 115, 118, 151]. However,

other studies indicate that although ADHD symptoms

improved, no statistically significant improvements in

ODD are gained in patients with co-morbid ADHD fol-

lowing atomoxetine treatment [147, 148]. The reasons for

these discrepancies may be related to differences in study

design and treatment schedules [118, 151], e.g., improve-

ments in ODD may be gained using twice-daily versus

once-daily atomoxetine [151].

In terms of alternative ADHD treatments, in a meta-

analysis of seven trials atomoxetine (n = 823) appeared to

have similar efficacy to methylphenidate (n = 568) as a

treatment for the core symptoms of ADHD, and response

rates to these medications did not appear to be affected by

the presence of ODD [152]. In an indirect comparison,

GXR (n = 143) appeared to be more efficacious than

atomoxetine (n = 98) as a treatment of ODD in patients

with ADHD [153], although this meta-analysis was based

on results of a trial in which ODD symptoms did not

improve with atomoxetine treatment [148], rather than

several more recent papers suggesting that ODD symptoms

may improve following atomoxetine treatment [52, 60,

102, 115, 151].

3.9.2.4 Pervasive Developmental Disorders: Autism

Spectrum Disorder and Asperger’s Syndrome In the text

revised version of DSM-IV, autism spectrum disorder (ASD)

was excluded as a co-morbidity of ADHD. However, since

the release of DSM-5 [154] in May 2013, this is no longer the

case. Indeed, in numerous clinical samples, ADHD is co-

morbid with ASD in 20–50 % of cases [41, 42].

At least six studies indicate that atomoxetine may be an

effective treatment for ADHD symptoms in patients with

co-morbid pervasive developmental disorders [138, 155–

160], although five of these studies are small (B16

patients), with treatment durations up to 10 weeks [138,

157–160]. In the largest study (n = 97), ADHD symptoms

‘‘moderately improved’’ after 8 weeks of atomoxetine

versus placebo [155], with further improvements at

28 weeks [156]. However, atomoxetine may be less

effective in children with severe autistic disorder, as sug-

gested in a very small study (12 patients with symptoms of

ADHD) [157].

3.9.2.5 Intelligence Quotient (IQ) When children’s and

adolescents’ clinical records were retrospectively exam-

ined, atomoxetine appeared to be less effective in those

with an intelligence quotient (IQ) \85 (n = 29) than with

an IQ C85 (n = 26). This difference did not appear to be

related to the severity of ADHD symptoms, nor to the

presence of other co-morbidities [161].

3.9.2.6 Mental Retardation In a 16-week, open-label

study of 48 children with mental retardation, statistically

significant reductions in ADHD symptoms were observed

following treatment with atomoxetine [162].

6 In the meta-analysis paper [143], and the source study in this paper,

it is unclear whether ‘deprenyl’ referred to L-deprenyl (also known as

selegiline), D-deprenyl, or a racemic mixture.
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3.9.2.7 Dyslexia In studies by Shaywitz et al. [163]

(comprised of a 16-week randomized, double-blind, pla-

cebo-controlled phase, followed by a 16-week open-label

extension phase) and Sumner et al. [164] (a 16-week open-

label, uncontrolled study), the reading scores of patients

with co-morbid ADHD/dyslexia (n = 124 and 36, respec-

tively) improved following treatment with atomoxetine.

Moreover, following atomoxetine treatment, reading scores

also improved in patients who only had dyslexia [163], and

ADHD symptoms improved in patients with co-morbid

dyslexia [164].

3.9.2.8 Epilepsy Dumitru and Salan [119] reported the

effects of morning administration of atomoxetine, given

after 3 months of treatment with anticonvulsants, assessed

for a year. School performance improved in 24 of 30

children.

3.10 Teacher Rating of ADHD

Naturally, given the importance of school in children’s

lives, it is important to determine the effects of atomoxe-

tine on ADHD symptoms and behavior in the school set-

ting. Teacher ratings of ADHD symptoms were analyzed in

the two registration studies by Michelson et al. [19] and

Weiss et al. [20] and, while they were planned to be ana-

lyzed in other registration studies, this was not possible due

to poor rates of completion and return. Teacher rating was

the primary method for evaluating core ADHD symptoms

in Weiss et al. [20], with the other five registration studies

primarily relying on parental rating. In the registration

studies, improvements in core ADHD symptoms with

atomoxetine treatment were similar when assessed by

parents or teachers, with effect sizes of about 0.7 detected

by both groups of assessors, relative to placebo [19, 20].

However, Weiss et al. [20] did conclude that ‘‘further

research is needed to determine the responsiveness to

treatment of academic performance, socialization, child

perceptions of outcome, and other outcomes beyond the

core symptoms of ADHD’’.

We identified several non-registration studies in which

the impact of atomoxetine treatment on the core symptoms

of ADHD has been investigated using teacher-rating scales,

often in studies involving hundreds of children/adolescents

[63, 102, 104, 109, 138, 149, 151, 155, 165–168].

According to teacher ratings, the core symptoms of ADHD

are effectively treated by atomoxetine, with results that are

often similar to parent and/or investigator measures.

In terms of the impact of atomoxetine on school-specific

outcomes, in an 8-week open-label trial of 56 children with

ADHD, treated with atomoxetine alone or with behavior

therapy, atomoxetine treatment was associated with a

reduction in rule violations in the classroom [115].

Similarly, in a double-blind RCT of atomoxetine (n = 101)

versus placebo (n = 52), behavior improved significantly,

according to teacher and parent ratings [103], although,

despite an effect size of 0.31, no statistically significant

effects (p = 0.143) were detected by teachers in relation to

atomoxetine treatment on academic productivity/comple-

tion of work [103]. These researchers suggested several

possible reasons for this lack of statistical significance,

including the possibility that the short duration (7 weeks)

of the study ‘‘was not sufficient to actually detect changes

in children’s academic skills’’, and continued that ‘‘this

observation is consistent with much of the stimulant drug

literature that has failed to demonstrate the efficacy of

stimulant drug therapy on academic achievement’’. Indeed,

improvements in school performance have been detected in

a longer trial (1 year) of atomoxetine treatment, albeit in a

small sample (30 children) that had co-morbid ADHD and

epilepsy [119].

4 Conclusion

Atomoxetine has been demonstrated to be an effective

treatment for the core ADHD symptoms, and improves

functional outcomes and QOL, in a broad range of clinical

studies and meta-analyses. Atomoxetine often becomes

particularly effective 10–12 weeks after initiating treat-

ment. In clinical studies that lasted between 6 and

18 weeks, effect sizes for atomoxetine treatment of the

core ADHD symptoms, with/without psychoeducation,

ranged between 0.6 and 1.3, versus placebo. The effec-

tiveness of atomoxetine has been shown in various pedi-

atric patient populations (i.e., males/females, patients with

various co-morbidities, children/adolescents, and with/

without prior exposure to other ADHD medications). Many

ADHD patients may stay well for several months after

discontinuing atomoxetine treatment, and atomoxetine has

been shown to be more effective than placebo at preventing

relapse of ADHD symptoms after initial atomoxetine

treatment periods of 10–52 weeks.

Based on the current literature, it is difficult to draw

strong conclusions in relation to atomoxetine versus other

medications, e.g., because the studies were not necessarily

powered well enough, used indirect comparison, and/or the

durations of the studies were often not long enough due to

the relatively gradual onset of the efficacy of atomoxetine.

Indeed, responses to atomoxetine tend to be relatively

gradual [53–55]. Some researchers, such as the authors of

the IDEA study, suggest that responses to the first few

weeks of atomoxetine treatment may be used to predict

responses over time [53, 75, 76]. In addition, the IDEA

study suggested that clinical responses at 6–9 weeks may

be bimodal, with pediatric patients either being
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‘‘responders’’ [47 % of patients were ‘‘much improved’’

(defined as C40 % decrease in ADHD-RS scores); 13 %

were ‘‘minimally improved’’ (25 to \40 % decrease)] or

‘‘non-responders’’ [40 % of patients (\25 % decrease in

ADHD-RS scores)] [53]. However, in an open-label study

[54] that was longer than the IDEA study [53], a sizable

proportion of patients who only have partial responses to

atomoxetine at 4 weeks go on to have robust responses

beyond this timepoint. We are currently unaware of clear

predictors of response for ADHD treatments.

Before initiating treatment with atomoxetine in children/

adolescents, it is paramount that clinicians set the right

expectations for the patient and their family. Thus, the

patient/family should be informed of the likelihood of a

gradual response to atomoxetine, which often builds over

time. Setting the right expectations may increase the

chances of attaining successful outcomes with atomoxetine

treatment in the long term.
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Appendix

Strategy used in ‘Search 1’

Database: EMBASE \1974 to 2013 July 25[, Ovid

MEDLINE� \1946 to July Week 3 2013[, Ovid MED-

LINE� In-Process and Other Non-Indexed Citations\July

25, 2013[
1 exp atomoxetine/(3060)

2 exp attention deficit disorder/(54376)

3 1 and 2 (2079)

4 limit 3 to [human and (child \unspecified age[ or

preschool child \1 to 6 years[ or school child \7 to

12 years[ or adolescent \13 to 17 years[)] [Limit not

valid in Ovid MEDLINE�, Ovid MEDLINE� In-Process;

records were retained] (725)

5 limit 4 to year = ‘‘2001–Current’’ (722)

6 5 use oemezd (722)

7 atomoxetine.mp. (4248)

8 tomoxetine.mp. (146)

9 LY139603.mp. (17)

10 7 or 8 or 9 (4289)

11 exp Attention Deficit Disorder with Hyperactivity/

(54376)

12 10 and 11 (2818)

13 limit 12 to [humans and year = ‘‘2001–Current’’ and

‘‘all child (0 to 18 years)’’] [Limit not valid in EMBASE;

records were retained] (2468)

14 13 use mesz, prem (476)

15 6 or 14 (1198)

16 remove duplicates from 15 (879)
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