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Objective We aimed to investigate the long-term effects of atomoxetine on growth in Korean children and adolescents with attention-

deficit/hyperactivity disorder (ADHD).

Methods The medical records of 82 subjects (mean age, 9.0£2.0 years; 64 boys) with ADHD treated with atomoxetine for at least 1 year
at the Department of Psychiatry at Asan Medical Center were retrospectively reviewed. Height and weight data were prospectively ob-
tained and retrospectively gathered and converted to age- and gender-corrected z scores using norms from Korean youths. Growth
changes were analyzed using random coefficients models with changes in height or weight z scores as the dependent variables.

Results Height z scores significantly decreased during the treatment period ($=-0.054, p=0.024). Height z scores decreased during the
Lst year of treatment ($=-0.086, p=0.003), but did not change after the 1st year. Weight z scores did not change significantly during treat-

ment ($=0.004, p=0.925).

Conclusion Our results suggest that long-term atomoxetine treatment may be associated with deficits in height growth in Korean
youths, although this effect was minor and tended to be attenuated over the first year. Because of the limitations of this study such as retro-

spective design and selection bias, further prospective studies are needed.
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INTRODUCTION

Atomoxetine is one of the most widely-used non-stimu-
lant agent used for attention-deficit/hyperactivity disorder
(ADHD). Atomoxetine has proven to be effective in clinical
trials for reducing core ADHD symptoms and improving psy-
chosocial functioning,' Because ADHD often needs to be treat-
ed with medications for prolonged periods, clinicians and
guardians of ADHD youths are particularly concerned about
the adverse effects of medications, especially those leading to
growth deficits.
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Several long-term follow-up studies showed inconsistent
results on the effects of atomoxetine on growth. Spencer et al.>*
reported that there was a minimal deficit of height and weight
growth of children and adolescents after atomoxetine treat-
ment. Kratochvil et al.* demonstrated that notable negative
effects on growth of children aged 6 to 7 years were seen dur-
ing the early phase of treatment and were attenuated after-
wards at further follow-up. On the other hand, other studies
reported no clinically significant effects on growth.> However,
there are only a few studies on the influence of atomoxetine
long-term treatment on children’s growth, especially compared
to those of methylphenidate.

Moreover, most studies have been conducted in Western
countries. It is known that atomoxetine is metabolized by cy-
tochrome p450 2D6 (CYP2D6) and CYP2D6 poor metabo-
lizers experience more adverse effects of atomoxetine, includ-
ing growth deficits.” Since there are significant ethnic differences
in the prevalence of CYP2D6 poor metabolizer,® and variants of
CYP2D6 found in Asian population can change atomoxetine
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metabolism,’ there could be an interracial difference in the
effects of atomoxetine on growth. Thus, we aimed to investi-
gate the long-term effects of atomoxetine on growth in Korean
children and adolescents with ADHD.

METHODS

We retrospectively reviewed the medical records of 82
children and adolescents with ADHD who were prescribed
atomoxetine from May 2008 to September 2016 at the De-
partment of Psychiatry at Asan Medical Center. All subjects
had to meet the following inclusion criteria: 1) age of be-
tween 5 and 14 years at the start of atomoxetine treatment;
2) Diagnostic and Statistical Manual of Mental Disorders
(DSM), Fifth Edition diagnosis of ADHD; 3) received treat-
ment with atomoxetine for at least 1 year; and 4) baseline
height and weight z-scores greater than -2.0. This study was
approved by the Institutional Review Board (IRB) of Asan
Medical Center, and informed consent was waived by the
board because of our retrospective study design. Some sub-
jects of this study were participants for a prospective observa-
tional study in Asan Medical Center which enrolled ADHD
outpatients aged 5 years or older. This study was approved by
the IRB of Asan Medical Center and written informed con-
sent was obtained from parents and written assent from par-
ticipants for that study (IRB No. 2016-0448).

Subjects were excluded from the study if they had one or
more of the following exclusion criteria: 1) prior exposure to
atomoxetine; 2) prior exposure to methylphenidate for more
than 1 year; 3) intelligent quotient (IQ) lower than 50; 4) past
and/or current history of schizophrenia, bipolar disorder, or
other psychosis; 5) presence of seizure disorder; 6) the mean
compliance for the whole treatment period lower than 80%;
7) combining medications which could affect growth (e.g.,
antipsychotics, mood stabilizers, and methylphenidate); and
8) past and/or current medical illness which could induce
growth suppression.

All participants underwent general diagnostic and thera-
peutic procedures and a child psychiatrist monitored treat-
ment. Measurements of height and weight were taken at every
visit. Visits occurred at least every three months. Therefore,
height and weight data were prospectively obtained and retro-
spectively gathered. Height and weight were converted to age-
and gender-corrected z scores using norms from a 2007 Kore-
an child and adolescent physical development standard value’®
A z score of 0 indicates that the measurement is at the mean
of the population, whereas a z score of -1 or +1 indicates a
measurement of one standard deviation less or more than the
mean, respectively. Duration (years) and daily mg/kg dose of
atomoxetine were also gathered retrospectively from medical
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records. Because this study was as a retrospective design using
medical records, missing data at various time points existed.

We analyzed growth from the start to the end of the treat-
ment using a random coefficients model with changes in
height and weight z scores from baseline (A height and A
weight z scores, respectively). We also examined whether the
slopes of A height and A weight z scores differed between the
time periods up to the 1st and beyond the 1st year of medica-
tion. The interactions between the A z score and the following
variables were examined with the univariate random coeffi-
cients model: age of first dose of atomoxetine, gender, baseline
z score, ADHD type, mean daily mg/kg dose, medication du-
ration, and comorbid psychiatric disorders.

Statistical analyses were performed using SAS (version 9.2;
SAS; Cary, NC, USA) and statistical significance was defined
for all other comparisons at p values of less than 0.05. All com-
parisons were two-tailed.

RESULTS

Demographic characteristics

Between May 2008 and September 2016, a total of 583 youths
with ADHD aged between 5 and 14 years were treated with
atomoxetine. Among these subjects, 305 (52.4%) were treated
for less than one year. Reasons for discontinuation of atomox-
etine were lack of efficacy (56, 18.4%), adverse events associ-
ated with gastrointestinal symptoms or growth (42, 13.8%),
other adverse events (66, 21.6%), parental discretion (12, 3.9%),
unknown due to missing data (11, 3.6%), and loss of follow-
up (118, 38.7%). In addition, of the remaining 278 subjects,
196 were excluded according to exclusion criteria, most com-
mon cause was concomitant use of methylphenidate (n=71,
36.2%), followed by comorbid epilepsy (n=55, 28.1%), con-
comitant use of antipsychotics (n=48, 24.5%), other comor-
bid neurological disorders (n=36, 18.4%), and previous use of
methylphenidate more than 1 year (n=11, 5.6%). Finally, 82
children and adolescents with ADHD were included in the
analysis.

Demographics and clinical characteristics are detailed in Ta-
ble 1. Of the 82 youths, 64 (78.0%) were boys and the mean age
of first dose was 9.0+2.0 years (range, 5.5-13.8 years). Forty-
four subjects (53.7%) had combined presentation, 31 (37.8%)
had predominantly inattentive presentation, one (1.2%) had
predominantly hyperactive-impulsive presentation, and six
(7.3%) was other specified ADHD.

Tic disorder was the most common comorbid psychiatric
disorder (n=25, 30.5%), followed by oppositional defiant/con-
duct (ODD/CD) (n=17, 20.7%), anxiety (n=13, 15.9%), autism
spectrum disorder (ASD) (n=6, 7.3%), mood (n=5, 6.1%),
obsessive compulsive (OCD) (n=>5, 6.1%), and elimination



Table 1. Demographic and clinical characteristics of subjects

Subjects
(N=82)
Age of first dose (yr), mean (SD) 9.0 (2.0)
Gender, boys, N (%) 64 (78.0)
IQ, mean (SD) 96.8 (19.9)
Previous use of MPH less than 1 year, N (%) 14 (17.1)
ADHD presentation, N (%)
Predominantly inattentive presentation 31(37.8)
Predominantly hyperactive-impulsive presentation 1 (1.2)
Combined presentation 44 (53.7)
Other specified ADHD 6(7.3)
Psychiatric comorbidities
Tic disorder 25(30.5)
ODD/CD 17 (20.7)
Anxiety disorder 13 (15.9)
ASD 6(7.3)
Mood disorder 5(6.1)
OCD 5(6.1)
Elimination disorder 3(3.7)

ADHD: attention-deficit/hyperactivity disorder, ASD: autism spec-
trum disorder, CD: conduct disorder, MPH: methylphenidate,
OCD: obsessive compulsive disorder, ODD: oppositional defiant
disorder, SD: standard deviation
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disorders (n=3, 3.7%). Mean full-scale intelligent quotient was
96.8£19.9 (range, 55-136). Fourteen subjects (17.1%) were
previously treated with methylphenidate for less than one year.

The mean duration of follow-up was 1.4910.88 years
(range, 1.00—4.48 years). The mean daily mg/kg dose was
1.00£0.23 mg/kg (range, 0.51-1.51 mg/kg). The mean height
and weight z scores at baseline were 0.28+0.90 (range, -1.74-
2.03) and 0.18%1.02 (range, -1.77-2.82), respectively.

Effects of atomoxetine on height

Table 2 described the subjects’ height at baseline and after
one year of medication. Height z scores significantly decreased
during treatment, although the B coefficient was small (b=
-0.054, p=0.024) (Figure 1A). In a 9-year-old boy with a height
z score of 0 at the start of atomoxetine treatment, height would
be 0.32 cm less than expected after 1 year of treatment. Height
z scores decreased during the 1st year of medication ($=-0.086,
p=0.003), but did not change after the 1st year (=-0.003, p=
0.954).

In the univariate random coefficients model, age of first
dose (p=0.108), gender (p=0.526), baseline height z score
(p=0.351), ADHD presentation (p=0.795 for predominantly
inattentive, p=0.109 for predominantly hyperactive-impul-

Table 2. Comparison of height and weight at baseline and after one year of atomoxetine treatment

At baseline After one year of medication t* p*
Height (cm) 133.03£11.96 137.99+12.44 -24.650 <0.001
Weight (kg) 32.54%11.57 35.50+12.54 -7.510 <0.001
Height (z) 0.28+0.90 0.20+0.90 3.061 0.030
Weight (z) 0.18+1.02 0.07+1.04 2.349 0.021
*paired t test
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Figure 1. Changes in A height and A weight z-score during atomoxetine treatment. A: Height changes in z-score during treatment. B: Weight

changes in z-score during treatment.
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sive, and p=0.598 for combined vs. other specified ADHD),
1Q (p=0.099), mean daily mg/kg atomoxetine dose (p=0.552),
history of previous medication of methylphenidate (p=0.743),
or comorbid diagnosis of tic (p=0.788), ODD/CD (p=0.763),
anxiety (p=0.336), mood (p=0.249), OCD (p=0.238), or
elimination disorders (p=0.179) were not associated with A
height z score, but comorbid ASD (B=-0.142, p=0.038) was
significantly associated with A height z score (Table 3).

Effects of atomoxetine on weight

Table 2 described the subjects’ weight at baseline and after
one year of medication. Changes of weight z scores was not
significant during treatment period ($=0.004, p=0.925) (Fig-
ure 1B). Weight z scores tended to decrease during the 1st year
of medication and after the 1st year, but the changes were not
significant (B=-0.073, p=0.181 for the Ist year and $=0.070, p=
0.208 after the 1st year).

In the univariate random coefficients model, age of first
dose (p=0.944), gender (p=0.969), baseline height z score (p=

0.582), ADHD presentation (p=0.928 for predominantly in-
attentive, p=0.224 for predominantly hyperactive-impulsive,
and p=0.771 for combined vs. other specified ADHD), IQ (p=
0.479), mean daily mg/kg atomoxetine dose (p=0.416), histo-
ry of previous medication of methylphenidate (p=0.741), or
comorbid diagnoses of tic disorder (p=0.262), ODD/CD (p=
0.660), anxiety (p=0.264), ASD (p=0.831), mood (p=0.276),
OCD (p=0.472), or elimination disorders (p=0.715) were not
associated with A weight z score.

DISCUSSION

In this study, we investigated the effects of long-term treat-
ment with atomoxetine on height and weight growth of Ko-
rean children and adolescents. There was a significant nega-
tive effect on height growth, but the growth declined due to 1
year of medication was 0.32 cm for a 9 year old boy with aver-
age height, and was likely not a clinically meaningful change.
No significant effect on weight growth was observed in our

Table 3. Results of the univariate random coefficients model for the change in height z score from the start of treatment

AHeight z score
B SE p value
Age of first dose 0.015 0.009 0.108
Gender
Boys 0.025 0.042 0.558
Girls (reference)
Baseline z score -0.033 0.020 0.105
1IQ 0.002 0.001 0.099
ADHD presentation
Predominantly inattentive presentation 0.02 0.075 0.795
Predominantly hyperactive-impulsive presentation 0.273 0.168 0.109
Combined presentation 0.039 0.073 0.598
Other specified ADHD (reference)
Mean daily dose (mg/kg) -0.048 0.080 0.552
Previous treatment of MPH
Yes -0.015 0.047 0.743
No (reference)
Comorbid diagnosis
Tic disorder -0.011 0.039 0.788
ODD/CD 0.013 0.043 0.763
Anxiety disorder -0.046 0.047 0.336
ASD -0.142 0.067 0.038
Mood disorder 0.088 0.076 0.249
OCD -0.088 0.074 0.238
Elimination disorder 0.126 0.093 0.179

ADHD: attention deficit/hyperactivity disorder, ASD: autism spectrum disorder, CD: conduct disorder, MPH: methylphenidate, OCD: ob-

sessive compulsive disorder, ODD: oppositional defiant disorder
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study.

In our study, the effect of atomoxetine treatment on height
growth deficit was significant during the 1* year of treatment
and not later. This is consistent with previous studies that
concluded that negative effects on growth exist during early
phases of treatment, with attenuation occurring after 18-24
month. For example, Spencer et al.” reported that the height
of ADHD children and adolescents treated with atomoxetine
was significantly smaller at 12 and 18 months of treatment,
but not at 24 months. Furthermore, Kratochvil et al.* also re-
ported that young children received atomoxetine was 2.7 cm
smaller than expected at 24 months, and the difference oc-
curred mostly during the first 18 months (2.9 cm lower than
expected). Previous studies have proposed that suppression of
caloric intake related to gastrointestinal adverse events, such
as nausea, vomiting, and abdominal pain could negatively af-
fect potential growth in youths.""'> A meta-analysis of 6- to
8-week randomized controlled trials reported that children
treated with atomoxetine commonly experience gastrointes-
tinal adverse events.”” However, in long-term studies, the inci-
dence of gastrointestinal adverse events appears to be concen-
trated within the first three months of treatment and rapidly
disappeared thereafter,® which is compatible with recovery of
growth in the long term.

In our results, a small but significant growth reduction of
height was observed, but no significant change in weight
growth was seen. The observation period of our study may
have affected these outcomes. In Spencer et al’s studies, both of
height and weight growth were decreased during the early
phases of the treatment, with attenuation occurring afterward,
but there was a difference between height and weight of time
when the growth declined and recovered. The height growth
reached a maximum shortfall at 18 months and weight at 15
months. Our mean observation period was 17.9 months and
is similar to the period when the deficit of height growth was
worst seen in Spencer et al’s results, and this may have affect-
ed our results. To address this issue, longer follow-up studies
are needed.

In our study, comorbid ASD was associated with the effect
of atomoxetine on height growth. Most previous studies en-
rolled ADHD participants using DSM-IV-TR criteria, which
does not allow a child with ASD to be given ADHD diagno-
sis, thus could not examine the influence of atomoxetine on
ADHD subjects with comorbid ASD. Previous studies have
reported that children with ASD are vulnerable to the gastro-
intestinal adverse effects of atomoxetine."*"* Thus their growth
could be more influenced by atomoxetine treatment. In this
study, the sample with ASD in this study was small, and the re-
sult is non-conclusive. Further evaluation with a larger sample
size is needed.

K Kweon et al.

There are some limitations to consider. First, this was a ret-
rospective chart review. Second, only subjects who were treat-
ed with atomoxetine for at least one year were included. This
may have caused a selection bias. As subjects who experi-
enced a severe growth deficits may be discontinued atomox-
etine treatment before 1 year, as a result, the effects of atom-
oxetine on growth may be underestimated. A prospective
longitudinal study that considers dropouts is needed to re-
solve this issue. Third, this study did not include a control
group of unmedicated youths with ADHD. Fourth, this study
did not consider the influence of genetic factors, such as the
heights and weights of the children’s parents.

This retrospective chart review suggests that atomoxetine
treatment could be related to height deficits in Korean chil-
dren and adolescents with ADHD, and the effects were minor
and were attenuated after the 1* year of treatment. Because of
the limitations of the retrospective study design, further pro-
spective studies are needed.
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