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Abstract: Attention-deficit/hyperactivity disorder (ADHD) is a common neurobehavioral 

disorder beginning in childhood and often continuing into adulthood. A wealth of data shows that 

ADHD symptoms respond well to pharmacological treatment. Stimulant medications, including 

amphetamine and methylphenidate, are most commonly used to treat ADHD. However, with the 

approval of atomoxetine (Strattera®, [ATX]) by the US Food and Drug Administration in late 

2002, an effective non-stimulant option became available. The US Food and Drug Administration 

approved ATX for the treatment of ADHD in children, adolescents, and adults. Although the 

effect size of ATX is generally lower than that of stimulants, the American Academy of Child 

and Adolescent Psychiatry Practice Parameter for the treatment of ADHD lists ATX as a first-

line treatment option. ATX is widely prescribed and accounted for 6% of the prescriptions of 

ADHD visits in the US in 2010. Numerous trials have found that ATX improves quality of life 

and emotional lability in addition to core ADHD symptoms. Although some improvement may 

be seen in a patient as early as one week after the initiation of treatment, ATX generally takes 

longer to have a full effect. The median time to response using 25% improvement in ADHD 

symptoms in pooled trials was 3.7 weeks. Data from these trials indicate that the probability 

of symptom improvement may continue to increase up to 52 weeks after treatment is initiated. 

ATX has been shown to be safe and effective in combination with stimulants. It has also been 

studied systematically in subjects with ADHD and comorbid oppositional defiant disorder, 

anxiety, depression, and substance use disorders. The mechanism of action of ATX, its efficacy, 

and adverse events reported in trials is reviewed.
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Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a common neurobehavioral disor-

der beginning in childhood and often continuing into adulthood. The Diagnostic and 

Statistical Manual of Mental Disorders, Fifth Edition, defines ADHD as “a persistent 

pattern of inattention and/or hyperactivity–impulsivity that interferes with functioning 

or development.”1 Lifetime prevalence for children and adolescents is estimated to be 

9.5% in the US2 and 5.29% worldwide.3,4 For adults, prevalence in the US is 4.4% and 

2.5% worldwide.5,6 ADHD symptoms cause significant functional impairment across 

a person’s lifespan. Children with ADHD demonstrate lower academic performance 

and more problems with peers than children without the disorder.7 Adults with ADHD 

have more difficulties with psychosocial and neuropsychological functioning and lower 

levels of educational achievement and employment than adults without ADHD.8,9

Psychostimulants have been the standard of treatment for ADHD for more than 

50 years. Although highly efficacious, concerns about abuse, dependence, tolerability, 

and slowing of growth may limit their use in some patients. In 2002, Strattera® 
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(atomoxetine [ATX]) was the first non-stimulant medication 

approved for use in the treatment of ADHD.10 Since its initial 

approval in the US, ATX has been marketed in approximately 

90 countries and is widely used, accounting for 6% of pre-

scriptions written for ADHD treatment visits in the US in 

2010.11 Data from more than a decade of use around the world 

are now available for ATX. This review will focus on the 

efficacy and tolerability of ATX in the treatment of ADHD.

On February 12, 2015 a PubMed search using the key-

words atomoxetine and ADHD resulted in 969 references. 

Manuscript titles and abstracts were reviewed for inclusion. 

Double-blind, randomized controlled trials for all age groups 

were included. Open-label studies were included where 

relevant.

Mechanism of action, 
pharmacokinetics, and dosing
ATX is a white solid that is dispensed in capsules of 10, 18, 

25, 40, 60, 80, and 100 mg. The mechanism of action of ATX 

is thought to be related to inhibition of the presynaptic nor-

epinephrine transporter.10 Both norepinephrine and dopamine 

have been implicated in the pathophysiology of ADHD.12 

ATX has a high water solubility and is well-absorbed after 

oral dosing. Bioavailability ranges from 63%–94%.13 Blood 

levels are affected little by food.10 ATX is metabolized by the 

P450 CYP2D6 pathway and has a peak plasma concentration 

of 1–2 hours, with a half-life of about 5.2 hours in extensive 

metabolizers.13 In poor metabolizers, the plasma half-life of 

ATX is 21.6 hours. Subjects who are poor metabolizers of 

CYP2D6 drugs may have peak ATX plasma concentrations 

that are ten times higher than those of extensive metabolizers.  

The half-life, maximum plasma concentrations, and total drug 

exposure for ATX are similar for children, adolescents, and 

adults when values are corrected for body weight.14 Drugs 

such as fluoxetine, paroxetine, and quinidine which inhibit 

CYP2D6, cause increases in the plasma concentration of 

ATX and decrease elimination of ATX.10 Poor metabolizers 

are more likely to achieve response at similar doses of ATX 

than extensive metabolizers.15 They are also more likely to 

experience increases in blood pressure, heart rate, and adverse 

events (AEs), such as tremor and decreased appetite, than 

extensive metabolizers.

Abuse liability
Data from a Rhesus monkey trial indicated that ATX lacks 

reinforcing effects and human abuse potential.16 In a human 

study, stimulant drug abusers did not prefer ATX signifi-

cantly more than placebo.17

Dosing
Dosing of ATX in children was initially studied in an open-

label trial of 30 subjects aged 7–14 years. ATX was started 

at 10–20 mg and titrated to optimal dose (,90 mg) over 

11 weeks.18 Mean final total daily dose was 1.9 mg/kg/day 

(range: 0.4–3.2 mg/kg/day). Core ADHD symptoms decreased 

significantly as measured by the investigator-scored ADHD 

Rating Scale-IV (ADHD-RS-IV), which is an 18-item scale 

using Diagnostic and Statistical Manual of Mental Disorders, 

Fourth Edition (DSM-IV) diagnostic criteria, from baseline 

to the end of the 11-week trial.

The maximum daily dose approved by the US FDA for chil-

dren and adolescents who weigh #70 kg is 1.4 mg/kg/day; for 

children and adolescents who weigh .70 kg and adults, 

it is 100 mg/day.10 Studies using up to 2.4 mg/kg/day and 

3.0 mg/kg/day have not shown an improved overall response 

in children or adolescents who did not respond to lower doses 

of ATX (1.2 to 1.8 mg/kg/day).19 When discontinuing ATX, 

tapering is not necessary as stopping the medication is not 

associated with acute discontinuation symptoms.20

For subjects with hepatic impairment, the dose should 

be reduced to 50% of the normal dose for those with 

moderate impairment, and to 25% for those with severe 

impairment.21

The effects of a daily dosing regimen and speed of 

titration were evaluated in a post hoc analysis of 22 child/

adolescent and three adult ATX trials in subjects with 

ADHD.22 The time to the start of treatment-emergent AEs 

was significantly shorter in subjects who received once-a-

day versus twice-a-day dosing (P#0.007). Time to onset of 

decreased appetite, abdominal pain, and somnolence signifi-

cantly decreased with fast titration in children and adults. Fast 

titration was defined as ATX 0.5 mg/kg/day ×7 days, then 

ATX 1.2 mg/kg/day versus slow titration ATX 0.5 mg/kg/

day ×7 days, then ATX 0.8 mg/kg/day for 7 days, followed 

by ATX 1.2 mg/kg/day for children.

For adults, fast titration was defined as ATX 40 mg/

day ×3 days then ATX 80 mg/day. Slow titration was ATX 

40 mg/day ×7 days then ATX 80 mg/day.22 For adults, time to 

onset of insomnia was significantly shorter and lasted longer 

with twice-a-day dosing (P,0.001) and fast titration com-

pared with slow titration (P#0.001). The rates for decreased 

appetite, nausea, and vomiting were significantly greater for 

once-daily dosing than twice-daily dosing (P,0.037).

Both once-daily morning and evening dosing regimens 

for ATX have been evaluated. In a trial of morning and eve-

ning ATX dosing compared to placebo in 288 children aged 

6–12 years, ADHD-RS-IV total scores improved significantly 
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during the 6-week trial (P,0.001) for morning dosing while 

ADHD-RS-IV total scores for children with evening dosing 

was not significantly different from placebo.23 Mean changes 

for evening behavior using the Conners’ Global Index-Parent 

Version (CGI-P) ratings were significantly better for morn-

ing- and evening-dosed ATX versus placebo (P,0.001 and 

P,0.05, respectively). Evening dosing with ATX was better 

tolerated than morning dosing.

Efficacy
Children and adolescents
Pooled data from multiple randomized trials indicate that 

ATX is equally effective in children and adolescents.24 No 

significant differences in response rates, time to response, 

rates of AEs, vital signs, weight, height, laboratory values, or 

ECG parameters were seen between groups. ADHD symptom 

scores at baseline were lower in adolescents than children. For 

AEs with treatment, children had higher rates of somnolence 

and headache. Table 1 summarizes pivotal efficacy trials.

In an early ATX study, 297 subjects aged 8–18 years 

who were diagnosed with ADHD using DSM-IV crite-

ria participated in an 8-week double-blind, randomized, 

multicenter, placebo-controlled trial using three doses of 

ATX.25 Subjects were randomized to receive a final dose 

of ATX 0.5 mg/kg/day, 1.2 mg/kg/day, 1.8 mg/kg/day, 

or placebo. At study completion, the ADHD-RS-IV mean 

change from baseline was significant for the 1.2 mg/kg/day 

and 1.8 mg/kg/day groups compared to placebo (P,0.001). 

There was no significant difference in efficacy between the 

1.2 mg/kg/day and the 1.8 mg/kg/day doses.

A total of 291 (Study I, n=147 and Study II, n=144) 

children aged 7–12 years participated in two proof-of-

concept, 12-week, multicenter, double-blind, randomized, 

placebo-controlled trials.26 A methylphenidate (MPH) 

group was included to validate study design. Subjects naïve 

to stimulants were randomized to receive MPH, ATX, or 

placebo and subjects who had previous stimulant exposure 

were randomized to ATX or placebo. Dose titration was 

flexible with a maximum ATX of 2.0 mg/kg/day or 90 mg 

in the ATX or placebo group, and 1.5 mg/kg/day or MPH 

60 mg in the MPH, ATX, or placebo group. In both studies 

the mean ADHD-RS-IV decrease in baseline scores was 

significantly higher for the ATX groups compared to the 

placebo groups (P,0.001).

In another large double-blind study, 171 subjects aged 

6–16 years were randomized to once-daily ATX or placebo 

Table 1 Summary of pivotal atomoxetine efficacy trials

Author Population Study design Primary efficacy 
measurement

Results

Michelson et al25 297 subjects,  
aged 8–18 years

8-week, double-blind, 
randomized, placebo-
controlled trial

ADHD-RS-iv mean 
change from baseline to 
endpoint ATX vs placebo

1.2 and 1.8 mg/kg/day ATX 
groups superior to placebo 
(P,0.001)

Michelson et al27 171 subjects,  
aged 6–16 years

6-week, randomized, 
double-blind, 
placebo-controlled 
trial

Mean change in ADHD-
RS-iv total score at each 
visit

ATX superior to placebo
(P,0.001) beginning at week 1; 
effect size 0.71

Spencer et al26 291 children,  
aged 7–12 years

Two 12-week 
randomized, double-
blind, placebo-
controlled trials

Mean change in ADHD-
RS-iv total score from 
baseline to endpoint

Significant improvement with 
ATX (P,0.001) for each trial

Kratochvil et al28 93 children,
aged 5–6 years

8-week double-
blind, randomized 
controlled trial

Mean change in ADHD-
RS-iv total score

Significant improvement with 
ATX vs placebo (P,0.009)

Michelson et al33 Study i: 280 adults 
and  
Study ii: 256 adults

10-week, 
randomized, double-
blind, placebo-
controlled trial

CAARS repeated 
measures mixed model 
analysis of post baseline 
values

ATX group significant 
improvement vs placebo
Study i (P=0.005)
Study ii (P=0.002)

Adler et al36 501 adults 6-month, double-
blind, placebo- 
controlled trial

Mean change from 
baseline to endpoint in 
AiSRS total score

Significant improvement with 
ATX vs placebo (P=0.035)

Young et al37 502 adults 24-week, double-
blind, placebo- 
controlled trial

Change in CAARS total 
scores at 12 and 24 weeks

ATX significantly improved vs 
placebo at 12 weeks (P,0.001); 
and at 24 weeks (P,0.001)

Abbreviations: ADHD, Attention-deficit/hyperactivity disorder; ADHD-RS-IV, ADHD Rating Scale-IV; CAARS, Conners’ Adult ADHD Rating Scale; AISRS, Adult ADHD 
investigator Symptom Rating Scale; ATX, atomoxetine; vs, versus.
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for 6 weeks.27 Initial target dose of ATX was 1.0 mg/kg/day. 

Subjects who had more than minimal ADHD symptoms at 

week 4 on the CGI scale had their ATX dose increased to 

1.5 mg/kg/day. Significant improvement for ATX compared 

to placebo on the primary efficacy measure, the ADHD-

RS-IV, was seen at 1 week and continued to study comple-

tion. At the end of the trial, 59.5% of subjects in the ATX 

group compared to 31.3% of subjects in the placebo group 

had a decrease of $25% on the ADHD-RS-IV. Effect size 

of ATX was 0.71.

ATX was also evaluated in young children (5–7 years 

old). A total of 93 subjects were dosed in an 8-week, ran-

domized, double-blind, placebo-controlled trial of ATX.28 Of 

these, 18 discontinued prior to completion including three 

who discontinued due to AEs (all of whom were on placebo). 

Mean final total daily dose was 1.4 (±0.4) mg/kg/day. Sub-

jects who received ATX had significantly greater improve-

ment in ADHD-RS-IV scores than subjects who received 

placebo (P,0.009).

In a 7-week trial of ATX in a school setting, a total of 153 

subjects aged 8–12 years diagnosed with ADHD were random-

ized to receive ATX up to 1.8 mg/kg/day or placebo once daily 

in a 2:1 ratio.29 Using the ADHD-RS-IV, the child’s primary 

teacher was interviewed via telephone by a study investigator. 

Subjects treated with ATX had a significant decrease in ADHD 

symptoms (P=0.001). Onset of drug effect was seen during 

the first week of treatment. The effect size was 0.63.

ATX has also been studied in other countries. In a ran-

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

106 children and adolescents aged 6–16 years were treated 

with ATX (n=72) once daily, or placebo (n=34).30 Subjects 

in the ATX group had significantly greater improvement 

in ADHD symptoms based on ADHD-RS-IV ratings and 

Conner’s Parent and Teacher Rating Scales-Revised: Short 

Form. For the ADHD-RS-IV, effect size was 0.70.

ATX has been shown to improve morning and evening 

behaviors associated with ADHD. The Daily Parent Rat-

ings of Evening and Morning Behavior-Revised scale was 

administered to parents of 197 children aged 6–12 years who 

had ADHD.31 Subjects were randomized to receive ATX up 

to 1.8 mg/kg/day (maximum dose 120 mg/day) or placebo. 

Improvement in the Daily Parent Ratings of Evening and 

Morning Behavior-Revised scale total score was noted dur-

ing the first day of dosing and continued to be significant at 

endpoint.

Adults
Multiple double-blind, placebo-controlled trials have been 

conducted in adults with ADHD. In an early double-blind, 

placebo crossover study, Spencer et al found that eleven out 

of 21 subjects with ADHD had a $30% improvement at the 

end of a 3-week treatment period with ATX compared with 

two of 21 at the end of a 3-week placebo period (P,0.01).32 

Average dose of ATX was 76 mg/day.

Two large, identical 10-week, randomized, double-blind, 

placebo-controlled studies of ATX in adults found ATX 

superior to placebo in reducing ADHD symptoms on the 

Conners’ Adult ADHD Rating Scale (CAARS). A total of 

280 adults in Study I and 256 adults in Study II were ran-

domized to receive ATX or placebo after a 2-week placebo 

lead-in phase.33 ATX subjects were dosed twice daily, begin-

ning at 60 mg/day and was increased up to 120/day mg based 

on response. In both studies, the mean improvement in the 

CAARS total ADHD symptom score from baseline to end 

point was significantly larger for the ATX versus placebo 

groups, P=0.005 and P=0.002, respectively.

Subjects who participated in the 10-week treatment 

study were able to enter an open-label ATX study.33 In the 

open-label trial, dosing of ATX started at 25 mg twice-daily 

and was titrated based on response to a maximum dose of 

160 mg/day. A total of 385 subjects entered the open label 

trial. By the end of 97 weeks, 125 (32.6%) subjects were 

continuing in the trial.34 At 221, weeks only 69 subjects 

completed the trial.35 The majority of early withdrawals were 

due to lack of efficacy 101 (26.3%), personal conflict or deci-

sion 66 (17.2%), lost to follow-up (15.9%), or AE 7 (12.2%). 

During treatment, the CAARS total ADHD symptom score 

decreased 30.2% (P,0.001).

In a 6-month, double-blind, placebo-controlled trial, 

501 adults were randomized to receive ATX (n=250) or pla-

cebo (n=251) in the morning.36 A total of 94 subjects in the 

ATX group and 112 subjects in the placebo group completed 

the study. The change in Adult ADHD Investigator Symptom 

Rating Scale scores was significantly greater for the ATX 

group at the end of 6 months than for placebo, P=0.035.

In another large, double-blind, placebo-controlled trial, 

502 subjects were randomized to receive placebo (n=234) 

or ATX 60 to 100 mg (n=268) after a 2-week open-label 

titration to 80 mg of ATX. CAARS scores decreased signifi-

cantly for subjects on ATX compared to those on placebo 

at 12 weeks (P,0.001), as well as at 24 weeks (P,0.001, 

effect size 0.57).37 A CAARS decrease of 25% or more was 

seen in 68% of subjects receiving ATX and 42% of those 

receiving placebo.

Cunill et al completed a systematic review and 

meta-analysis on twelve randomized, controlled trials (3,375 

subjects) comparing ATX to placebo in adults with ADHD.38 

They calculated the standardized mean differences using 
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clinician rated scales at -0.40 – a modest effect size. They 

noted that few subjects discontinued due to lack of efficacy 

(5% with ATX and 6% with placebo). However, a larger 

percentage of subjects discontinued because of AEs while 

taking ATX (13%) compared to 5% while on placebo. They 

concluded that the evidence to recommend ATX to treat 

ADHD in adults is weak because of the AE profile.

Asherson et al evaluated the efficacy in Eli Lilly-sponsored 

adult trials comparing ATX to placebo, including six short-

term (10- to 16-weeks) and three long-term (6 months) 

trials.39 Response rates of $30% on the CAARS ratings and 

CGI of ADHD-Severity #3 (mildly ill) were significantly 

greater for ATX versus placebo during both the short- and 

long-term trials. Response rates defined as $40% improve-

ment of CAARS ratings were also significantly greater for 

ATX versus placebo during all trials (for all of these mea-

sures, P,0.001).

In a review of all adult ADHD trials, the most com-

mon AEs included nausea, dry mouth, decreased appetite, 

insomnia, and erectile dysfunction. Mean increase in heart 

rate (+5.2 bpm) and blood pressure systolic (+2 mmHg), and 

diastolic (+1.9 mmHg) occurred.40

Relapse prevention
A randomized, double-blind, placebo-controlled withdrawal 

study was completed with 416 subjects aged 6–15 years with 

ADHD who completed 12 weeks of open-label treatment with 

ATX #1.8 mg/kg/day and had at least a 25% decrease on the 

ADHD-RS-IV.41 Subjects were assigned to ATX or placebo 

for up to 9 months. Relapse was defined as an increase in the 

ADHD-RS-IV total score to 90% of the subject’s baseline 

value and an increase (worsening) in CGI of ADHD-Severity 

score of at least two points from week 12. Mean number of 

days (± standard deviation [SD]) to relapse was significantly 

longer in the ATX group, 217.7 (±5.52) days, than the pla-

cebo group, 146.1 (±7.24) days, P,0.001.

Data suggest that subjects who respond to ATX acutely 

at doses of 1.2–1.8 mg/kg/day may be able to maintain 

improvement on a lower long-term maintenance dose of 

ATX. In a maintenance trial of ATX responders, 229 subjects 

aged 6–16 years were randomized to receive their acute 

response dose or 0.5 mg/kg/day.42 Relapse rates, defined as 

a return to $90% of baseline score at study entry for two 

consecutive visits, were not significantly different between 

groups (P=0.924). In addition, there was no significant dif-

ference between the high dose and low dose groups in the 

number of subjects who no longer met response criteria 

of $40% decrease from baseline ADHD-RS-IV scores 

(P=0.321).

Time to response for ATX is longer than that of 

stimulants. Pooled data from three open-label studies found 

that the median time to improvement (25% reduction of 

symptoms on the ADHD-RS-IV) was 3.7 weeks, but remis-

sion (ADHD-RS-IV #18 and CGI–Improvement #2) did 

not occur until a median of 14.3 weeks. The probabilities of 

robust improvement (40% reduction in ADHD-RS-IV scores) 

were 47% by 4 weeks of treatment, 76% at 12 weeks, 85% 

at 26 weeks, and 96% at 52 weeks.43

Sleep
The effects of ATX dosed twice daily were compared with 

those of MPH dosed three-times daily in a randomized, 

double-blind, crossover trial of 85 children diagnosed with 

ADHD.44 Sleep onset latency was significantly longer for 

patients taking MPH (39.2 minutes versus 12.1 minutes, 

P,0.001). Subjects reported that they slept better and it 

was easier to get up in the morning while on ATX. Parents 

reported their children were less irritable, easier to get up and 

get ready in the morning, had less difficulty getting ready 

for bed, and had less difficulty falling asleep while on ATX 

compared with MPH.44

emotional lability
Emotional impulsivity, emotional dysregulation, or emo-

tional lability is characterized by quick changes in mood 

and is a common feature associated with ADHD.45 In two 

large, adult ADHD trials described in Michelson et al,33 the 

Wender–Reimherr Adult Attention Deficit Disorder Scale 

(WRAADDS) was administered as a secondary outcome 

measure.33 In addition to questions about core ADHD symp-

toms defined by the DSM-IV, the WRAADDS also queries 

emotional items (temper, affective lability, and emotional 

over-reactivity).46 A post hoc analysis was performed com-

paring the sum of the emotional items on the WRAADDS 

at baseline and endpoint. A score of 7 or higher was chosen 

as indicative of emotional dysregulation. Of the 529 subjects 

enrolled, 170 (32%) met criteria for emotional dysregulation 

at baseline. Subjects randomized to ATX showed signifi-

cantly greater improvement in emotional lability than those 

on placebo (P=0.001).

ATX and stimulants
Several trials have compared ATX with stimulants. In one 

randomized, placebo-controlled, double-blind crossover trial, 

children and adolescents aged 6–16 years were randomized to 

receive ATX up to 1.8 mg/kg/day (n=222), osmotically released 

(OROS) MPH up to 54 mg/day (n=220) or placebo (n=74).47 

Response was defined as $40% decrease in symptoms on the 
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ADHD-RS-IV. Response rate for OROS MPH was 56%, ATX 

was 45%, and placebo was 24%. There were 70 subjects who 

did not respond to OROS MPH. Of these, 30 (43%) who were 

switched to ATX, responded. Of the 69 who did not respond to 

ATX, 29 (42%) had previously responded to OROS MPH.

ATX was compared with immediate-release MPH in a 

double-blind study outside the US.48 Subjects aged 6–16 years 

were randomized to receive ATX (0.8–1.8 mg/kg/day, 

n=164) or MPH twice a day (0.2–0.6 mg/kg/day, n=166) for 

8 weeks. The primary outcome measure was the number of 

subjects who achieved a response of $40% on the ADHD-

RS-IV. In this trial there was no significant difference in 

response rates (P=0.404).

ATX was compared with OROS MPH in a random-

ized, double-blind, community-based trial in 1,323 subjects 

aged 6–12 years.49 Subjects were randomized 2:1 to receive 

OROS MPH or ATX for 3 weeks. At the end of the study 

the ADHD-RS-IV mean decrease from baseline was 20.24 

for OROS MPH and 16 for ATX (P,0.001).

ATX was compared with mixed amphetamine (AMPH) 

salts extended release (MAS XR) in children aged 6–12 years 

in a double-blind, placebo-controlled, forced-dose labora-

tory classroom study.50 After screening, 217 subjects were 

randomized to 18 days of double-blind dosing with ATX or 

MAS XR. The target dose of ATX was 1.2 mg/kg/day and of 

MAS XR was 30 mg/day. The primary efficacy variable was 

the Swanson, Kotkin, Agler, M-Flynn and Pelham (SKAMP) 

rating scale deportment score. The SKAMP is designed to 

be administered by trained raters who observe subjects in a 

structured classroom setting. The mean change from baseline 

was significantly better for MAS XR on the SKAMP deport-

ment sub-scale than for ATX (P,0.0001).

ATX was compared with lisdexamfetamine (LDX) in 

a 9-week, randomized, double-blind, head-to-head trial of 

267 children and adolescents with ADHD aged 6–17 years.51 

Although both treatments were effective, the difference 

between LDX and ATX least squares mean change from 

baseline to endpoint was significantly greater for LDX. For 

the ADHD-RS-IV total score, the difference between the 

treatments was -6.5 (-9.3 to -3.60; P,0.001), effect size 

0.56. The time to response was also significantly shorter for 

LDX than ATX. The percentage of subjects having $50% 

response on the ADHD-RS-IV was 41.7% for LDX and 

23.7% for ATX by week 9.52

Tolerability problems with stimulants
Patients who have an inadequate response or tolerability 

issues with MPH or AMPH may benefit from a switch to 

ATX. In one study, 62 subjects (51.6% on MPH and 48.4% 

on AMPH) aged 6–17 years who complained of inadequate 

response (53.2%) or intolerability (46.8%) were started on 

ATX and had their stimulant discontinued.53 ATX was titrated 

to 1.2 mg/kg/day and continued for 5 weeks. Investigator 

ADHD-RS-IV scores decreased significantly from baseline 

to endpoint (P,0.001).

ATX partial responders
Some ATX partial responders may benefit from the addi-

tion of MPH to their ADHD treatment regimen. In an 

open-label trial, 50 subjects aged 6–17 years who had a 

CGI–Improvement of “minimally improved” after 4 weeks 

of treatment with ATX were given OROS MPH for three 

additional weeks up to a maximum dose of 54 mg/day.54 

Subjects treated with the combination of ATX and OROS 

MPH had a 40% decrease in ADHD-RS-IV total scores from 

week 4 to the end of the trial (P,0.0001). The combination 

of OROS MPH and ATX resulted in higher rates of insomnia, 

irritability, and loss of appetite than ATX only.55 No clinically 

significant changes were noted in blood pressure, heart rate, 

or electrocardiogram parameters.

executive functioning
ATX has been shown to improve executive function-

ing significantly more than placebo. In a double-blind, 

randomized, placebo-controlled trial of ATX, 445 adults 

with ADHD aged 18–30 years with ADHD completed the 

Behavior Rating Inventory of Executive Function–Adult at 

the baseline visit, after 5 weeks of treatment, and at the end 

of the 12-week trial.56 The Behavior Rating Inventory of 

Executive Function–Adult is a 75-item self-report question-

naire that measures executive functioning and self-regulation. 

It produces an overall score, the Global Executive Composite 

(GEC) and two index scores; the Behavioral Regulation Index 

(BRI) and Metacognitive Index (MI). At the baseline visit, 

the GEC, BRI, and MI T-scores were $60 (two SDs above 

the standardized mean) for more than 90% of subjects in the 

ATX group and placebo groups. There were statistically 

significant improvements from baseline to the end of the trial 

in the ATX versus placebo groups in the GEC, BRI, and MI 

scores. The effect size for the GEC scores was -0.32.

Quality of life measures
Improvement in ADHD symptoms in subjects treated with 

ATX has been associated with improvement in quality of life 

(QoL) measures in children, adolescents, and adults. Data 

were collected from several double-blind, placebo-controlled 
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trials of ATX in children and adolescents using the Child 

Health Questionnaire 50-item Parent Form. The 50-item 

scale assesses both physical and psychosocial functioning 

in twelve domain subscales. When baseline parent ratings 

were compared with responses from two 8-week and one 

7-week trials, significant improvement was noted for Role 

Limitations-Emotional/Behavioral, Behavior, Mental Health, 

Self-esteem, Parental Impact-emotional, Parental Impact-

time, Family Activities, and the Psychosocial Summary 

scores.57,58 Effect size for the Psychosocial Summary score 

was 0.55. Although scores were improved at end of treat-

ment, they continued to be below normative values indicating 

continued impairment.

During long-term treatment of up to 24 months with ATX, 

Child Health Questionnaire 50-item Parent Form scores did 

not improve significantly for most domains compared with 

scores at the end of acute treatment. The only significant 

improvement was found in the Parental Impact-emotional 

subscale (P=0.003).59

The impact of ATX on QoL in adult subjects has also been 

measured. The 36-item Medical Outcomes Study short-form 

health survey was used in a six-week, double-blind, placebo-

controlled trial of 205 adults who completed both baseline 

and endpoint measures.60 The 36-item Medical Outcomes 

Study short-form health survey consists of 36 questions 

assessing physical functioning, bodily pain, role limitations 

due to physical problems, general health perceptions, mental 

health, social functioning, and vitality. Scores at endpoint 

were significantly improved for mental health, emotional 

role limitations, social functioning, and vitality (P,0.001), 

bodily pain (P=0.021), and general health (P=0.008).

The Adult ADHD QoL Measure (AAQoL) is a validated, 

29-item, patient-rated instrument designed to assess health-

related QoL over the previous 2 weeks using a five-point Lik-

ert scale which ranges from “not at all/never” to “extremely/

very often”. The scale has four subscales which include 

Life Productivity, Psychological Health, Life Outlook, and 

Relationships.61 The AAQoL has been used in several studies 

with ATX.62,63 The AAQoL was used to evaluate QoL changes 

in 328 adult subjects treated with ATX or placebo during an 

8-week, randomized, double-blind, placebo-controlled trial.62 

From baseline to week 8, subjects on ATX significantly 

improved on all measures compared to those on placebo 

(P,0.0001). Effect size for the total score was -1.11.

The Endicott Work Productivity Scale (EWPS) is a 

25-item self-report questionnaire that assesses work produc-

tivity. Both the EWPS and AAQoL were functional outcome 

measures in a 6-month trial consisting of a double-blind, 

placebo-controlled treatment phase followed by a 4-month 

open-label extension using ATX up to 100 mg.63 Subjects 

were aged 18–50 years who were employed $20 hours 

per week. A total of 271 were randomized to receive ATX 

and 139 were randomized to placebo. Improvement on the 

AAQoL was significant compared to placebo at the 6-month 

endpoint for only the Life Outlook subscale. Although sig-

nificant improvements on the EWPS were seen after 1 month 

of treatment, there were no significant changes at the end of 

6 months between ATX and placebo.

Treatment with ATX has not been shown to significantly 

improve marital or parenting functioning.64

ADHD and comorbid disorders
Oppositional defiant disorder
A recent meta-analysis of 25 double-blind, randomized, 

controlled trials in children and adolescents found that ATX 

decreased oppositional defiant disorder (ODD) symptoms.65 

It is unclear whether subjects with ADHD and ODD need 

higher doses of ATX to respond. In one trial, subjects 

with ADHD and ODD were found to respond to ATX at 

1.8 mg/kg/day, but not at 1.2 mg/kg day.66 In other trials, a 

dose-response relationship in subjects with comorbid ODD 

has not been seen.67 Hazell et al did not find a correlation 

between ATX plasma concentration and ADHD or ODD 

symptom improvement.68

Depression and anxiety
ATX is effective in decreasing symptoms of anxiety in 

subjects with comorbid ADHD and anxiety. In a random-

ized, double-blind, placebo-controlled, parallel-design trial, 

176 children and adolescents aged 8–17 years who had 

ADHD and generalized anxiety disorder, separation anxiety 

disorder and/or social phobia, were given ATX or placebo. 

Subjects were given ATX up to 1.8 mg/kg/day or placebo 

for 10 weeks.69 At the end of the study, ADHD and anxiety 

were significantly improved in subjects on ATX compared to 

placebo (P,0.001 for ADHD and P=0.011 for anxiety).

ATX has also been studied in adults with ADHD and 

social anxiety. A total of 442 adults participated in a random-

ized, double-blind, placebo-controlled, parallel-design trial 

of ATX (n=224) up to 100 mg/day and placebo (n=218).70 

Liebowitz Social Anxiety Scale total scores decreased 

from baseline to the end of the trial, P,0.001. All subscale 

scores including Performance Fear, Social Fear, and Social 

Avoidance, also decreased significantly in the ATX group. 

CAARS scores also improved significantly more for ATX 

subjects (P,0.001).

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Therapeutics and Clinical Risk Management 2016:12submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

34

Childress

ATX does not appear to be effective in the treatment 

of Major Depressive Disorder comorbid with ADHD. In a 

9-week trial, 142 subjects aged 12–18 years who met DSM-IV 

criteria for ADHD and Major Depressive Disorder were 

randomly assigned to ATX or placebo.71 ADHD symptoms 

improved significantly. However, there was no significant 

improvement in depression as measured by the Children’s 

Depression Rating Scale-Revised when ATX was compared 

to placebo (P=0.34).

A total of 173 subjects aged 7–17 years with ADHD and 

depression or anxiety were randomized to receive fluoxetine 

20 mg or placebo for three weeks.72 ATX was then added 

for the last 5 weeks of the trial. Reductions in depression, 

anxiety, and ADHD symptoms were significant for both 

treatment groups (P,0.001). For subjects with depression, 

there were significantly more responders in the combined 

treatment group than in the ATX only group.

Autism spectrum disorders
In one small, double-blind, crossover study of 16 children 

aged 5–15 years with autism spectrum disorders and ADHD, 

subjects were randomized to receive either ATX or placebo 

for 6 weeks, then placebo or ATX for 6-weeks separated by 

a 1-week washout.73 The hyperactivity subscale of the Aber-

rant Behavior Checklist was the primary outcome measure. 

Response to ATX was significantly better than placebo for 

hyperactivity (P=0.43, effect size d=0.90). AEs which were 

significantly different than placebo included upset stomach, 

nausea/vomiting, tiredness/fatigue, and racing heart. All 

16 subjects reported mild stomach upset or nausea/vomiting 

while on ATX. One subject (7%) discontinued secondary to 

intolerability.

In a larger parallel, double-blind, placebo-controlled 

study, 97 subjects aged 6–17 years with ADHD and autism 

spectrum disorders were assigned treatment with ATX 

1.2 mg/kg/day or placebo for 8 weeks.74 ADHD-RS-IV total 

scores, hyperactivity/impulsivity, and inattentive subscale 

scores improved significantly for the ATX group (P,0.001). 

AEs occurring more frequently in the ATX group included 

nausea, decreased appetite, and early morning awakening. 

Of these subjects, 88 were treated with open-label ATX 

for 20 additional weeks.75 ADHD symptoms continued to 

decrease significantly.

Alcohol use disorders
ATX has been shown to be effective in reducing ADHD 

symptoms in adult subjects with alcohol abuse and/or 

dependence.76 A total of 147 subjects participated in a 

randomized, double-blind, placebo-controlled trial of ATX 

and placebo. Although ADHD symptoms improved, there 

were no significant differences between ATX and placebo 

groups in time-to-relapse of heavy drinking. The number of 

cumulative heavy drinking days was decreased by 26% in 

the ATX group (P=0.023).

Thurstone et al77 did not find a difference between sub-

stance use changes in 70 adolescents with at least one non-

nicotine substance use disorder when ATX was compared 

to placebo. Both groups received motivational interviewing 

and cognitive behavioral therapy. Likewise, no significant 

differences in marijuana use outcomes were found in 38 

marijuana-dependent adult subjects diagnosed with ADHD 

randomized to receive either ATX or placebo along with 

motivational interviewing for 12 weeks.78

AEs
A summary of common AEs is contained in Table 2.

Cardiovascular
Small, statistically significant effects on mean systolic blood 

pressure in adults and diastolic blood pressure in children and 

adolescents were noted in ATX trials. In short-term trials, 

increases in pulse rate were noted for all groups. No clinically 

significant changes in vital signs were reported in long-term 

trials $4 years in children and adolescents.79 Likewise, no 

statistically significant changes from baseline QTc have been 

seen.79,80 However, 1.2% (6/507) of subjects treated $4 years 

developed prolonged QTc using Fridericia’s formula (QTcF) 

defined as $450 msec in males and $470 msec in females. 

No children or adolescents had a QTcF $500 msec.

A retrospective review of 20,995 adults starting on ATX 

found no increased risk of serious cardiovascular events 

compared to age-matched subjects who were not taking 

ADHD medications.81

Table 2 Atomoxetine adverse events $5% in clinical trials

Children Adults 

Adverse event Percentage Adverse event Percentage

Nausea 10 Constipation 8
vomiting 11 Dry mouth 20
Fatigue 8 Nausea 26
Decreased appetite 16 Decreased appetite 16
Abdominal pain 18 Dizziness 8
Somnolence 11 erectile dysfunction 8
Headache 19 Urinary hesitation 6
Dizziness 5 Abdominal pain 7
irritability 6 Fatigue 10

insomnia 15
irritability 5

Note: Data used with permission of eli Lilly and Company.10
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Liver function
Liver function tests have been routinely obtained in clinical tri-

als of ATX. Of 7,961 subjects who participated in clinical trials 

prior to March 1, 2006, 41 cases of elevated liver function tests 

were identified using the criteria of liver enzyme elevations 

of $2 times the upper limit of normal or total bilirubin eleva-

tions of $1.5 the upper limit of normal.82 None of these met 

Hy’s law criteria of alanine transaminase (ALT) $3 times the 

upper limit of normal and total bilirubin of $2 times the upper 

limit of normal. None progressed to liver failure. However, 

three cases of liver injury probably related to ATX have been 

reported in patients taking the drug outside of clinical trials.

Growth
Long-term growth data is available for children and adoles-

cents treated with ATX for .4 years.79 Height and weight 

results are available for 508 subjects treated with ATX for a 

mean of 5.3 years. For this group, mean increase in weigth 

was 21.7 kg (standard deviation 12.0 kg) which corresponded 

to an increase in weight percentile of 3.3 compared with 

normative data from National Center for Health Statistics. 

For height, the mean increase was 20.9 cm (±11.0 cm). This 

corresponded to a decrease of 0.8 percentile.

Development
Treatment with ATX had no statistically significant impact 

on sexual development as measured by Tanner stages during 

an 18-month, placebo-controlled, multicenter trial in subjects 

aged 6–15 years.83

Tics
ATX was evaluated in a double-blind, placebo-controlled study 

in 148 subjects aged 7–17 years who had ADHD and a comor-

bid tic disorder.84 Improvement in tics with ATX compared to 

placebo was not significant on the primary efficacy measure; 

the Yale Global Tic Severity Scale (YGTSS) total score.

ATX was used in a double-blind, placebo-controlled 

trial in subjects aged 7–17 years with ADHD and comorbid 

Tourette Syndrome.85 The primary efficacy measure again 

was the mean change from baseline to endpoint in the 

YGTSS. A total of 117 subjects were randomized to either 

ATX (n=61) or placebo (n=56). On the YGTSS, the ATX 

group showed a significant decrease in baseline tic severity 

compared to placebo at endpoint.

Suicidality
A meta-analysis of suicide-related events during the acute 

phases of double-blind, placebo-controlled trials of ATX 

in children, adolescents, and adults was completed by 

searching the ATX AE database. The meta-analysis included 

3,883 children/adolescents and 3,365 adult subjects.86 The 

occurrence of suicidal ideation or behaviors in children and 

adolescents on ATX was 0.37% and on placebo was 0.07%. 

For adults the occurrence was 0.11% during ATX treatment 

and 0.12% during placebo treatment. The risk was not sta-

tistically significantly greater than placebo in pediatric or 

adult subjects. There were no completed suicides in any of 

the ATX studies.

Discussion
A wealth of data is available for ATX indicating that it is 

effective in the treatment of ADHD in patients aged $5 years. 

A recent meta-analysis reviewed 25 double-blind, random-

ized controlled trials with ATX which included 3,928 children 

and adolescents. In these trials, ATX was significantly better 

than placebo in relieving ADHD symptoms with 44.4% of 

subjects in the ATX group achieving $40% improvement 

versus 21.4% of those receiving placebo.65 However, in 

these trials 39.4% of subjects receiving ATX had symptom 

improvement of ,25%.

Multiple randomized trials have compared immediate-

release MPH (five trials), OROS MPH (three trials), and both 

immediate-release MPH and OROS MPH (one trial), and 

ATX.87 A meta-analysis of these nine trials included a total 

of 2,762 subjects with durations of 3–10 weeks concluded 

that MPH and ATX have similar efficacy and acceptability. 

Effect size favored MPH but the difference was not statisti-

cally significant. Sub-group analysis found a significant 

standardized mean difference in favor of OROS MPH versus 

ATX whereas there were no significant standardized mean 

differences between IR MPH and ATX.

Fewer data are available comparing AMPH to ATX; 

however AMPH appears to be more effective. Trials included 

a laboratory classroom trial with MAS-XR versus ATX and 

9-week, head-to-head trial with LDX versus ATX.49 All of 

the comparison trials with stimulants were of short duration 

and there is evidence that ATX may take several months to 

reach its full effect.

A meta-analysis comparing stimulants to non-stimulants 

found the effect sizes of long-acting stimulants to be signifi-

cantly higher for than for non-stimulants.88

Another meta-analysis of adult trials with ATX con-

cluded that the effect was modest and the evidence for use 

was weak because of discontinuations due to AEs.37 There 

is evidence that speed of dose titration and dosing schedule 

(once daily versus twice daily) influences AEs, with subjects 
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who undergo a slower dose titration having fewer and less 

severe AEs. Slow titration and once-daily dosing may be 

especially important in the adult population where the 

risk:benefit ratio is higher.

ATX is associated with significant improvements on 

QoL measures in children, adolescents, and adults. How-

ever, gains noted during acute treatment are not necessarily 

further improved during long-term treatment. Comorbid 

disorders including ODD and anxiety also improve with 

ATX treatment but depression and substance use disorders 

do not.

Data also indicate that a switch to ATX may be useful for 

patients who cannot tolerate or do not respond to stimulants. 

Furthermore, the addition of MPH may improve response in 

subjects who have only partial improvement on ATX. ATX 

is also a good alternative for athletes who have ADHD. The 

National Collegiate Athletic Association guidelines require 

a therapeutic use exemption for athletes who take psycho-

stimulants, and other athletic governing bodies prohibit use 

of psychostimulants during competition.89

The use of ATX in the treatment of ADHD with comorbid 

tics may lessen tic severity. However, the data are mixed. 

One study found no improvement on the YGTSS with ATX 

use in subjects with comorbid tics.84 Another trial found 

improvement in the YGTSS with the use of ATX.85

ATX has no impact on long-term growth or sexual 

development. Safety data indicate that extended treatment 

with ATX does not cause clinically significant cardiovas-

cular changes and the occurrence of suicidal ideation is not 

increased while taking ATX.

Conclusion
Although ATX may be less effective than stimulant medi-

cation, it is safe and useful for both acute and long-term 

treatment of ADHD in children, adolescents, and adults. 

ADHD treatment guidelines recommend ATX as a first-line 

treatment option and it may be especially helpful for patients 

who have ADHD and comorbid anxiety. ATX should also be 

considered when patients with previous stimulant exposure 

have had efficacy or tolerability concerns. A history of sub-

stance abuse with patient or family members may also make 

ATX a viable treatment option in that population.

When developing a treatment plan for patients who have 

ADHD, the need for quick response should also be consid-

ered when choosing a medication. Although there are early 

improvements in ADHD symptoms with the use of ATX, the 

time to maximal response for ATX makes it less useful than 

stimulants, which have a rapid onset of effect.
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