CNS Drugs (2015) 29:865-877
DOI 10.1007/540263-015-0266-7

—
@ CrossMark

ORIGINAL RESEARCH ARTICLE

Safety of Methylphenidate and Atomoxetine in Children
with Attention-Deficit/Hyperactivity Disorder (ADHD): Data
from the Italian National ADHD Registry

Samuele Cortese'”? - Pietro Panei® - Romano Arcieri’ + Elena A. P. Germinario® -

3

Annalisa Capuano® - Lucia Margari® - Flavia Chiarotti® - Paolo Curatolo’

Published online: 21 August 2015
© Springer International Publishing Switzerland 2015

Abstract

Objective The aim of this study was to assess the type
and frequency of adverse events (AEs) in children with
attention-deficit/hyperactivity disorder (ADHD) treated
with methylphenidate or atomoxetine over a 5-year period
in a large naturalistic study.
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Methods We draw on data from the Italian ADHD Reg-
istry, a national database for postmarketing phase IV
pharmacovigilance of ADHD medications across 90 cen-
ters. AEs were defined as severe or mild as per the clas-
sification of the Italian Medicines Agency. AE frequency in
the two treatment groups was compared using incidence
rates per 100 person-years (IRigopy) and incidence rate
ratios (IRRs). Mantel-Haenszel adjusted IRRs were cal-
culated to control for psychiatric comorbidity.

Results A total of 1350 and 753 participants (aged
6-18 years, mean age 10.7 & 2.8) were treated with
methylphenidate and atomoxetine, respectively, from 2007
to 2012. Ninety participants (7 %) were switched from
methylphenidate to atomoxetine, and 138 (18 %) from
atomoxetine to methylphenidate. Thirty-seven children
treated with atomoxetine and 12 with methylphenidate had
their medication withdrawn. Overall, 645 patients (26.8 %)
experienced at least one mild AE (including decreased
appetite and irritability, for both drugs) and 95 patients
(3.9 %) experienced at least one severe AE (including
severe gastrointestinal events). IR|gopy were significantly
higher in the atomoxetine-treated group compared with the
methylphenidate-treated group for a number of mild and
severe AEs and for any severe or mild AEs. After con-
trolling for comorbidities, IRR was still significantly higher
in the atomoxetine group compared with the methylphe-
nidate group for a number of mild (decreased appetite,
weight loss, abdominal pain, dyspepsia, stomach ache,
irritability, mood disorder and dizziness) and severe (gas-
trointestinal, neuropsychiatric, and cardiovascular) AEs.
Conclusions In this naturalistic study, methylphenidate
had a better safety profile than atomoxetine.
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Key Points

In this naturalistic study, atomoxetine was less well
tolerated than methylphenidate for a number of mild
and severe adverse events.

This finding remained significant even after
controlling for psychiatric comorbidities in the
methylphenidate and atomoxetine groups.

1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) is the
most common neurodevelopmental disorder [1], with a
worldwide prevalence estimated at approximately 5 % in
school-aged children [2] and persistence of impairing
symptoms in adulthood in up to 65 % of cases [3].
According to the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) [4], ADHD is
characterized by an age-inappropriate, persistent and
impairing pattern of inattention and/or hyperactivity/im-
pulsivity. ADHD is often comorbid with other psychiatric
conditions, such as oppositional defiant disorder
(ODD)/conduct disorder (CD), specific learning disorders,
mood and anxiety disorders [5], sleep disturbances [6] and,
in adulthood, personality disorders [7].

Available treatments for ADHD include pharmacologi-
cal and nonpharmacological strategies. The former are
recommended as the first-choice option in several guide-
lines/practice parameters (e.g. Pliszka [8]), at least for
severe cases [9, 10], or as a treatment strategy for patients
who did not respond to nonpharmacological interventions
[9, 10]. Medications for ADHD include psychostimulant
(i.e. methylphenidate and amphetamine derivatives) and
nonpsychostimulant drugs (e.g. atomoxetine, clonidine,
guanfacine). Psychostimulant medications are indicated as
first-line treatment in some guidelines/recommendations
(e.g. the UK National Institute for Health and Care
Excellence [NICE] guidelines [9]).

As with all medications, and some nonpharmacological
interventions, adverse events (AEs) can and do occur during
treatment with ADHD drugs [11]. Although the majority of
such AEs are clinically manageable [12], the tolerability
and safety of medications for ADHD is of concern to reg-
ulatory bodies, clinicians, patients and their families. This
may result in patients with ADHD being exposed to harm if
AEs are overlooked, or not benefitting from effective
medications if the potential AEs are overestimated [12].
Therefore, understanding the nature of AEs associated with
ADHD medications is paramount. Additionally, tolerability
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and safety profile is an important element in the choice of
the specific class of medication. Evidence of the types of
AEs and comparative tolerability/safety of different ADHD
medications, particularly methylphenidate versus atomox-
etine, is available from a large body of randomized con-
trolled trials (RCTs). Two meta-analyses of such RCTs [13,
14] concluded that methylphenidate and atomoxetine have
similar profiles in terms of all-cause discontinuation and
incidence of AEs. However, some individual studies
reported significantly greater incidence of decreased appe-
tite and insomnia [15], weight loss and heart rate increase
[16] with methylphenidate, and significantly higher rates of
anorexia, nausea, somnolence, dizziness and vomiting with
atomoxetine [17].

Whilst the rigorous design of conventional RCTs allows
for a reduction of many confounding factors, such studies
may be hampered by selection bias [18] since they often
include a selected subpopulation of subjects, which only, in
part, reflects the type of patients commonly seen in day-to-
day clinical practice. In addition, such trials are usually
limited to a few weeks/months, therefore they do not allow
for the detection of potential longer-term AFEs. In this
respect, longer-term naturalistic studies provide additional
valuable information.

To address these issues, we draw on data from the
Italian National ADHD Registry [19], set up to perform
intensive postmarketing phase IV pharmacovigilance of
ADHD medications across 90 Italian ADHD centers. We
aimed to: (i) assess the type of AEs; and (ii) compare their
frequency in children treated with methylphenidate or
atomoxetine over a 5-year period. We focused on
methylphenidate and atomoxetine, the only two classes of
ADHD drugs licensed in Italy at the time of the study.
Given the exploratory nature of this study, no a priori
hypotheses were formulated.

2 Methods
2.1 Study Population

Participants were children/adolescents (aged 6-18 years)
included in the Italian National ADHD Registry from June
2007 to December 2012. This time frame was established
by the Italian Medicines Agency as an appropriate period
for pharmacovigilance. The diagnosis of ADHD was based
on the DSM, Fourth Edition-text revision (DSM-IV-TR)
[20] criteria (the classification system used at the time of
the study). Given the naturalistic design, no a priori
exclusion criteria were applied. Comorbid disorders were
not an exclusionary criterion since the presence of
comorbid psychiatric disorders is the rule rather than the
exception in ADHD.
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2.2 Study Drugs

ADHD was treated with either of the following.

(i) Methylphenidate chlorhydrate immediate release,
10 mg. Administration was orally at a dosage of
0.3-0.6 mg/kg/dose/day. First, as recommended by
the official protocol of the Italian ADHD centers,
methylphenidate was administered at a test dose of
0.3 mg/kg. The dosage could then be increased up to
0.6 mg/kg/dose based on clinical response and toler-
ability. The total dose was administered in two or
three doses/day. Methylphenidate immediate-release
was the only available formulation of methylphenidate
in Italy at the time of the study;

(i) Atomoxetine chlorhydrate 5, 10, 18, 25, 40 or 60 mg.
Administration was orally, starting with 0.5 mg/kg
once a day, for at least 7 days, then increasing the
dose up to 1.2 mg/kg/day, based on clinical response
and tolerability.

Since atomoxetine was the only ADHD medication
available in Italy until methylphenidate was reintroduced
on the market in 2007 in our country, it was and still is
customary for some Italian clinicians to use atomoxetine as
a first-line treatment. Therefore, four types of participants
could be identified based on their ADHD pharmacological
treatment history: (i) those treated only with methylphe-
nidate; (ii) those treated only with atomoxetine; (iii) those
initially started on methylphenidate, and then switched to
atomoxetine; and (iv) those who initially took atomoxetine
and were then switched to methylphenidate.

2.3 Data Collection

The prescription of ADHD medications in Italy undergoes
systematic monitoring, carried out by means of a national
register, with compulsory compilation by local reference
centers [21, 22]. An active pharmacovigilance system is
performed via notification by clinical centers to the Italian
Medicines Agency. Data regarding AEs are collected via a
structured form, located in a restricted area of the website
of the Italian ADHD registry (available upon request),
which allows standardization of the procedure across cen-
ters. Information about the following AEs is collected via
the aforementioned structured form.

(i) Cardiovascular risk, complemented by data obtained
via electrocardiogram (ECG), systematically per-
formed for each participant before starting drug
therapy and after 6 months. According to the proce-
dure recommended by the Italian Medicines Agency,
cardiovascular risk includes any clinically relevant
ECG abnormalities (such as bundle branch block),

change in heart rate, changes in at least one standard
deviation (SD) of systolic or diastolic blood pressure,
and lengthening of the QT interval, defined as any
prolongation, in absolute value, in relation to the value
detected at the screening before the first administra-
tion of the drug.

(i) Hepatic toxicity, complemented by a specific assess-
ment of liver enzymes, bilirubin, ammonia and, if
deemed clinically necessary, ultrasound imaging.

(iii)) Any neurological disorder, complemented, if needed,
by information obtained via electroencephalogram
(EEG) and magnetic resonance imaging (MRI).

(iv) Any psychiatric symptomatology, such as change in
mood (depression or elation), hallucinations, suicidal
ideation, or psychosis

(v) Acute diseases of the skin, such as rash, eczema,
itching, or vasculitis.

(vi) Any clinically relevant gastrointestinal events,
including vomiting, nausea, diarrhea, constipation,
and abdominal pain.

In the present study, AEs were classified as severe if
their occurrence was followed by active notification by
clinical centers to the Italian Medicines Agency; otherwise,
they were labelled as mild. The Italian Medicines Agency
requires active notification when an AE results in death, is
life-threatening, requires hospitalisation or prolongation of
existing inpatients’ hospitalisation, results in persistent or
significant disability or incapacity, or leads to a congenital
anomaly or birth defect [23].

2.4 Statistical Analysis

Categorical descriptive data (such as prevalence of psy-
chiatric comorbidities) were presented as absolute and
percentage frequencies, and were analyzed using the
Fisher’s exact probability test to assess differences between
methylphenidate- and atomoxetine-treated participants.
Continuous descriptive data (such as age) were presented
as means and SDs, and analyzed using the Mann—Whitney
U test. Incidence rates per 100 person-years (IRgopy) were
computed for any type of AE in methylphenidate- and
atomoxetine-treated participants, in all children and sepa-
rately for children with and without psychiatric comor-
bidities (one or more of ODD, CD, depression, anxiety,
learning disorder). Incidence rates were calculated con-
sidering days of exposure to methylphenidate or atomox-
etine. Data from any participant first exposed to
methylphenidate and then switched to atomoxetine (or vice
versa) contributed to the calculation of AE incidence rates
for both methylphenidate and atomoxetine, in different
time periods. Incidence rate ratios (IRRs) were computed
as the ratio between the incidence rate in the atomoxetine
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group and the corresponding incidence rate in the
methylphenidate group, separately for children with and
without psychiatric comorbidities. Confidence intervals
(CIs) were computed at the 95 % confidence level. Here,
ClIs for which the lower limit is higher than 1 indicate that
atomoxetine significantly increased the risk of AEs with
respect to methylphenidate; ClIs for which the upper limit is
lower than 1 indicate that atomoxetine significantly
decreased the risk of AEs with respect to methylphenidate.
When there were no events in the reference group of
methylphenidate-treated children (with and/or without
comorbidities), the corresponding IRRs could not be
computed, therefore only the lower level of the 95 % CI
was estimated and reported.

Despite the difference between the subjects initially
receiving methylphenidate and those treated with ato-
moxetine in terms of rates of comorbidities (64 vs. 76 %), a
much lower difference was observed between subjects
actually receiving methylphenidate or atomoxetine with
respect to the percentage of exposure time (methylpheni-
date: 736.1/1026.0 = 72 %; atomoxetine: 528.3/
689.8 = 77 %). However, to take into account this differ-
ence, even if quite low, incidence rates were computed
separately in subjects treated with methylphenidate, with
comorbidities (total exposure = 736.1 person years), trea-
ted with methylphenidate, without comorbidities (total
exposure = 289.9 person years), treated with atomoxetine,
with comorbidities (total exposure = 528.3 person years),
and treated with atomoxetine treatment, without comor-
bidities (total exposure = 161.5 person years). In order to
control for the possible confounding effect of psychiatric
comorbidities, heterogeneity between crude IRRs in chil-
dren with and without comorbidities was assessed by
means of the Chi-square test. The presence/absence of
comorbidities was considered a stratifying factor, and the
Mantel-Haenszel IRR with the corresponding 95 % CI was
computed to estimate the overall adjusted IRR, for all AEs
for which heterogeneity Chi-square test was not significant.
STATA 8.1 was used for all statistical analyses (StataCorp
LP, College Station, TX, USA). Statistical significance was
defined as p < 0.05 (two-tailed). As discussed in Rothman
[24], no correction for multiple comparison was needed.

3 Results

3.1 Description of the Sample

During the planned study period (June 2007-December
2012 [62 months]), a total of 2411 children enrolled in the
national registry were pharmacologically treated for

ADHD. The mean age of the study population was
10.68 years (SD 2.79) (Table 1). The sample included
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2125 males (88.1 %) and 286 females (11.9 %). The
majority of children (2041, 84.7 %) received a diagnosis of
ADHD combined subtype, 283 (11.7 %) were diagnosed
with ADHD inattentive subtype, and 87 (3.6 %) presented
with ADHD hyperactive—impulsive subtype.

At enrolment, 1426 (59.1 %) children and adolescents
received methylphenidate and 985 (40.9 %) were treated
with atomoxetine. The average dose was 18.3 mg/day for
methylphenidate and 38.5 mg/day for atomoxetine. The
demographic and clinical characteristics of the methyl-
phenidate- and atomoxetine-assigned groups at enrolment
are reported in Table 1. Of note, the atomoxetine-assigned
group presented with significantly higher rates of psychi-
atric comorbid disorders (any, ODD, CD, depressive dis-
orders, anxiety disorders, and specific learning disorders)
than the methylphenidate-assigned group.

3.2 Adverse Events

Data on AEs after the first dose of treatment were available for
a total of 2331 participants (96.7 % of the subjects initially
assigned to either methylphenidate or atomoxetine at enrol-
ment). Of these, 1350 and 753 were treated with methyl-
phenidate and atomoxetine, respectively, throughout the
entire study period. Ninety participants (7 %) were switched
from methylphenidate to atomoxetine, and 138 (18 %) were
switched from atomoxetine to methylphenidate.

Overall, 645 patients (26.8 %) experienced at least one
mild AE, including 276 (28.0 %) children treated with
atomoxetine, and 369 (25.9 %) children treated with
methylphenidate. Ninety-five patients (3.9 %) experienced
at least one severe AE, including 31 (3.1 %) children
treated with atomoxetine, and 64 (4.5 %) children treated
with methylphenidate; 49 (51.6 %) of these children (37 in
the atomoxetine group and 12 in the methylphenidate
group) had medication withdrawn.

Table 2 reports the absolute number and IR ggpy of mild
AEs in subjects treated with methylphenidate or atomox-
etine, stratified by the presence/absence of psychiatric
comorbidities. It also reports significant differences in
IR gopy between participants treated with methylphenidate
and atomoxetine, with and without comorbidities. Con-
sidering children without comorbidities, a significantly
higher IR|gpopy in the atomoxetine- versus methylpheni-
date-treated group was observed for the following mild
AEs: weight loss, dyspepsia, and stomach ache. In children
with comorbidities, a significantly higher IR gppy in the
atomoxetine- versus methylphenidate-treated group was
observed for the following mild AEs: decreased appetite,
weight loss, abdominal pain, dyspepsia, stomach ache,
irritability, mood disorder, and obsessive behaviour.

Crude and Mantel-Haenszel adjusted IRR of mild AEs
in methylphenidate- and atomoxetine-treated children, with
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Table 1 Demographic and clinical characteristics in the overall sample and in subsamples stratified by assigned treatment (methylphenidate or

atomoxetine) at enrolment

Overall [N = 2411]

Treatment assigned at enrolment

MPH [n = 1426] ATMX [n = 985] p value
Mean SD Mean SD Mean SD

Age at enrolment Total 10.68 2.79 10.55 2.75 10.87 2.84 T = 0.013
Males 10.67 2.78 10.55 2.76 10.83 2.81 S =0.385
Females 10.80 2.83 10.54 2.66 11.16 3.06 T*S = 0.351

Sex Males 2125 88.1 1247 87.4 878 89.1 0.224
Females 286 11.9 179 12.6 107 10.9

ADHD subtype Inattentive 283 11.7 165 11.6 118 12.0 0.001
Combined 2041 84.7 1226 86.0 815 82.7
Hyperactive 87 3.6 35 2.5 52 53

Comorbidities No 750 31.1 514 36.0 236 24.0 <0.001
Yes 1661 68.9 912 64.0 749 76.0

ODD No 1470 61.0 935 65.6 535 54.3 <0.001
Yes 941 39.0 491 344 450 45.7

CD No 2261 93.8 1366 95.8 895 90.9 <0.001
Yes 150 6.2 60 4.2 90 9.1

Depression No 2280 94.6 1375 96.4 905 91.9 <0.001
Yes 131 54 51 3.6 80 8.1

Anxiety No 2082 86.4 1268 88.9 814 82.6 <0.001
Yes 329 13.6 158 11.1 171 17.4

Learning disorder No 1453 60.3 914 64.1 539 54.7 <0.001
Yes 958 39.7 512 359 446 45.3

ADHD attention-deficit/hyperactivity disorder, ATMX atomoxetine, CD conduct disorder, MPH methylphenidate, ODD oppositional defiant
disorder, S sex, SD standard deviation, T treatment assigned at enrolment

and without comorbidities, are reported in Table 3. After
adjusting for comorbidities, compared with the methyl-
phenidate-treated group, IRRs were significantly higher in
the atomoxetine-treated group for the following mild AEs:
decreased appetite, weight loss, abdominal pain, dyspepsia,
stomach ache, irritability, mood disorder, and dizziness.
Overall, the incidence rate ratio of any kind of AEs was
significantly higher in the atomoxetine-treated group than
in the methylphenidate-treated group.

Table 4 reports details about severe AEs, grouped by
system/type. These included five cases of suicidal ideation
(only in the atomoxetine group, including one participant
with a history of depressive disorder), four cases of
hyperbilirubinemia as proxy of hepatic toxicity (three in
the atomoxetine group and one in the methylphenidate
group), and one case of prolonged QTc in the atomoxetine
group. The mean time to onset (SD) of severe AEs was 4.6
(4.4) months in the atomoxetine group and 6.2
(11.5) months in the methylphenidate group (p = 0.06);
26.2 % of severe AEs in the atomoxetine group and 52.8 %
of those in the methylphenidate group occurred within
1 month of starting treatment. The mean age at onset (SD)
of severe AEs was 10.2 (2.9) years for participants in the

atomoxetine group and 10.7 (2.9) years for those in the
methylphenidate group (p = 0.41).

As reported in Table 5, when considering participants
without comorbidities, IRgpopy Was significantly higher in
the atomoxetine-treated group versus the methylphenidate-
treated group for severe AEs classified in the gastroin-
testinal system (atomoxetine 5.6; methylphenidate 0.0). In
participants with comorbidities, IR gopy Was significantly
higher in the atomoxetine-treated group versus the
methylphenidate group for severe neuropsychiatric AEs
(atomoxetine 4.0; methylphenidate 1.4). Overall, the IRR
of any kind of severe AE was significantly higher in ato-
moxetine recipients than methylphenidate recipients
(IRygopy: atomoxetine 12.18, methylphenidate 3.51; IRR
3.47, 95 % CI 2.35-5.13).

Crude and Mantel-Haenszel adjusted IRR of severe AEs
in methylphenidate- and atomoxetine-treated children, with
and without comorbidities, are reported in Table 6. After
controlling for the effect of psychiatric comorbidities,
compared with the methylphenidate-treated group, IRRs
were significantly higher in the atomoxetine-treated group
for severe AEs classified as ‘gastrointestinal’, ‘neuropsy-
chiatric’, and ‘cardiovascular’.
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Table 2 Number of mild

Comorbidities

adverse events and IRgopy in

methylphenidate- and MPH ATMX

atomoxetine-treated children,

with and without psychiatric No (289.9) Yes (736.1) No (161.5) Yes (528.3)

comorbidities n IR j00py n IR00py n IR00py n IR 0Py
Anorexia 3 1.0 9 1.2 1 0.6 7 1.3
Decreased appetite 91 314 213 28.9 51 31.6 199 37.7
Weight loss 24 37 5.0 21 13.0 96 18.2
Abdominal pain 24 22 3.0 7 43 39 7.4
Dyspepsia 1.0 9 1.2 11 6.8 28 5.3
Stomach ache 24 17 23 15 9.3 51 9.7
Headache 32 11.0 62 8.4 21 13.0 61 11.5
Irritability 36 12.4 67 9.1 26 16.1 88 16.7
Mood disorder 21 7.2 49 6.7 15 9.3 58 11.0
Insomnia 17 5.9 31 4.2 3 1.9 34 6.4
Obsessive behaviour 7 24 6 0.8 1 0.6 13 2.5
Hallucinations 0 0.2 2 0.3 1 0.9 2 0.5
Tic 12 4.1 27 3.7 3 1.9 27 5.1
Dizziness 1 0.3 5 0.7 3 1.9 10 1.9
Tachycardia 7 24 24 33 6 3.7 25 4.7
Hypertension 1 0.5 8 1.2 2 1.5 0 0.1
Hypotension 0 0.2 3 0.5 3 2.2 6 1.2

IR gopy significantly different between MPH- and ATMX-treated children (with and without comorbidities)

are reported in bold

ATMX atomoxetine, IR;gopy incidence rates per 100 person-years, MPH methylphenidate

4 Discussion

We assessed the type of AEs, both mild and severe, and
compared their prevalence in children with ADHD treated
with methylphenidate or atomoxetine, drawing on data
from a national registry for phase IV pharmacovigilance.
To our knowledge, this is one of the largest available
databases to evaluate the safety of medications for ADHD,
involving approximately 90 ADHD centres.

The type of AEs that we observed in our study is in line
with what has been reported in the previous literature [12].
Rather than discussing each individual AE, for ease of
presentation we discuss the main AEs, grouping them by
category/system.

With regard to cardiovascular events, we found ten cases
(nine mild and one severe) of prolonged QTc (four with
atomoxetine and six methylphenidate). However, impor-
tantly, all observed prolonged QTc intervals were not clini-
cally significant since the prolongations of QTc interval were
less than 450 ms, which represents the pathologic cutoff
point. In addition, among the severe AEs, we observed other
ECG abnormalities, including six cases of tachycardia (four
with atomoxetine and two with methylphenidate) and one
case of right bundle branch block in a methylphenidate-
treated subject, but none of these were clinically significant.
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We also observed three cases of serious hypertension (one in
the atomoxetine-treated participants and two in the methyl-
phenidate-treated participants) and one case (treated with
atomoxetine) of relevant hypotension that required drug
withdrawal. A number of cases of hypertension (two with
atomoxetine and nine with methylphenidate) and hypoten-
sion (nine with atomoxetine and three with methylphenidate)
were reported as mild AEs and, rather than drug suspension,
required only a dosage adjustment. Our findings are in line
with the results of a systematic review of the European
ADHD Guidelines Group (EAGG) [12], which concluded
that there is no evidence supporting that ADHD drugs are
associated with significant changes in electrocardiographic
values, including QT interval. The EAGG review also con-
cluded that psychostimulant medications and atomoxetine
may slightly increase blood pressure (average increase sys-
tolic 1-4 mmHg; diastolic 1-2 mmHg) and heart rate (av-
erage increase 1-2 beats per min), but in a minority of
individuals (5-15 %) this increase may be above the 95th
percentile. Importantly, data from the Multimodal Treatment
of ADHD (MTA) study at 12-year follow-up showed no
systematic significant increase of blood pressure with psy-
chostimulant treatment throughout the study period,
although psychostimulants did have a persistent adrenergic
effect increasing heart rate [25].
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Table 3 Crude and Mantel-Haenszel adjusted incidence rate ratios of mild adverse events in the methylphenidate and atomoxetine groups, with

and without comorbidities

ATMX vs. MPH

ATMX vs. MPH

Mantel-Haenszel

No comorbidities Comorbidities Heterog p value IRR 95 % CI
IRR 95 % CI IRR 95 % CI

Lower Upper Lower Upper Lower Upper
Anorexia 0.60 0.06 5.75 1.08 0.40 291 0.634 0.98 0.40 2.40
Decreased appetite 1.01 0.71 1.42 1.30 1.07 1.58 0.199 1.22 1.03 1.45
Weight loss 5.38 2.29 12.67 3.62 247 5.28 0.402 3.86 2.73 5.46
Abdominal pain 1.80 0.63 5.12 247 1.47 4.17 0.592 2.33 1.46 3.71
Dyspepsia 6.58 1.84 23.59 4.34 2.05 9.19 0.579 4.83 2.54 9.21
Stomach ache 3.85 1.57 943 4.18 241 7.24 0.877 4.09 2.56 6.54
Headache 1.18 0.68 2.04 1.37 0.96 1.95 0.649 1.31 0.97 1.77
Irritability 1.30 0.78 2.15 1.83 1.33 2.52 0.256 1.66 1.27 2.17
Mood disorder 1.28 0.66 2.49 1.65 1.13 241 0.518 1.55 1.12 2.16
Insomnia 0.32 0.09 1.08 1.53 0.94 2.49 0.013
Obsessive behaviour 0.26 0.03 2.08 3.02 1.15 7.94 0.018
Hallucinations 5.38 0.22 132.18 1.39 0.24 8.04 0.453 1.98 0.45 8.64
Tic 0.45 0.13 1.59 1.39 0.82 2.38 0.095 1.13 0.70 1.83
Dystonic mood 0.60 0.02 14.69 3.25 0.48 22.02 0.351 2.03 0.44 9.38
Dizziness 5.38 0.56 51.76 2.79 0.95 8.15 0.603 3.17 1.21 8.29
Tachycardia 1.54 0.52 4.58 1.45 0.83 2.54 0.926 1.47 0.89 242
Hypertension 2.99 0.40 22.65 0.08 0.01 1.42 0.013
Hypotension 12.56 0.65 243.23 2.59 0.71 9.49 0.310 3.68 1.18 11.50

IRRs are computed as ratio between person-years incidence rates of ATMX vs. MPH. Significant IRRs and the corresponding 95 % CI are

reported in bold

Heterog p value refers to the significance level of the test for heterogeneity among strata

ATMX atomoxetine, CI confidence interval, /RR incidence rate ratio, MPH methylphenidate

Regarding neuropsychiatric AEs, the most serious was
suicidal ideation, which was, however, rare (frequency:
0.51 % of cases, 5/985). No complete suicides were
observed. Importantly, the definition of ‘suicidal ideation’
was standardized across centers, which limited the likeli-
hood of bias and heterogeneity in reporting ‘suicidal
ideation’. Of note, all cases occurred during treatment with
atomoxetine. Although the observed frequency of suicidal
ideation was more frequent than expected on the basis of
FDA warning [26], overall our findings are once again
consistent with the EAGG systemic review, according to
which suicide-related events rarely occur with ADHD drug
treatment. Importantly, the EAGG pointed out that there is
little compelling evidence to suggest that the rate of sui-
cide-related events in children treated with ADHD drugs is
greater than the expected rate in the general population.

Among hepatic AEs, hyperbilirubinemia occurred
almost exclusively with atomoxetine (three cases vs. one
with methylphenidate). This is an AE that has been noted
in previous pharmacovigilance reports of atomoxetine tol-
erability and safety [27]. Although hyperbilirubinemia was

reported in a relatively small number of participants, it is a
potentially very severe AE, which may lead to liver failure
resulting in death or the need for a liver transplant.
Seizures occurred in a limited number of patients (three
in the methylphenidate group and two in the atomoxetine
group). In four cases they were generalized, and in one case
(treated with atomoxetine) they were focal/partial. They all
resolved with drug discontinuation, except for one case
who presented with previous absence seizures and who was
successfully treated with valproate. With regard to sei-
zures, the EAGG [12] concluded that, in patients with well-
controlled epilepsy, methylphenidate is associated with a
low risk for seizure, whilst it deemed that evidence for
atomoxetine is still too limited to draw firm conclusions.
Whilst AEs (mild or severe) were observed both in
methylphenidate- and atomoxetine-treated participants, an
important finding of our study is that they were signifi-
cantly more frequent in the latter. Importantly, after con-
trolling for comorbid psychiatric disorders, this difference
did remain significant for decreased appetite, weight loss,
abdominal pain, dyspepsia, stomach ache, irritability,
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Table 4 Severe adverse events in the atomoxetine and methylphenidate groups

Severe AE ATMX MPH
No. of IRjgopy Gender Age Dis TTO No. of IRjgopy Gender Age Dis TTO
events (years) events (years)
Gastrointestinal
Gastrointestinal disease 10 1.45 M 12 Yes 1 6 0.58 M 13 Yes 11
M 7 Yes 1 M 7 No Early
M 9 No 1 M 7 No Early
M 10 No 7 M 8 No Early
M 10 No 2 M 11 No Early
M 6 Yes 6 F 16 No Early
M 7 Yes 3
M 7 Yes 3
M 6 Yes 1
M 9 No 8
Eating disorders 11 1.59 F 10 Yes 1 1 0.10 M 12 Yes 2
M 7 Yes 6
F 11 Yes 1
M 13 No 1
M 6 Yes 6
M 6 No 6
M 14 No 3
F 9 Yes 2
M 8 No 9
M 9 Yes 4
M 8 No 9
Hypernatremia 1 0.14 M 11 Yes Early
Liver
Hyperbilirubinemia 3 0.43 M 8 Yes 10 1 0.10 M 14 Yes 1
M 16 No 7
M 13 Yes 3
Hepatomegaly 1 0.14 M 14 Yes 7
Suicidal ideation 5 0.72 M 10 Yes 9
M 10 Yes 5
F 8 Yes 6.5
M 14 Yes 24
F 13 Yes 4
Neuropsychiatric
Seizures 2 0.29 M 14 Yes 11 3 0.29 M 13 Yes 3
M 6 Yes 7 M 10 No 8
Impotence 1 0.14 M 17 No 1
Aphasia 1 0.10 M 9 Yes 44
Neurogenic bladder 1 0.14 F 7 Yes 2
Headache 5 0.72 F 11 Yes 1 3 0.29 M 14 No Early
M 7 Yes 2 F 16 No Early
M 10 No 2 M 15 No Early
M 11 No Early
M 15 No 4
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Table 4 continued

Severe AE ATMX MPH
No. of IRigopy Gender Age Dis TTO No. of IRjgopy Gender Age Dis TTO
events (years) events (years)
Neurological disorder 2 0.29 M 13 Yes 17 2 0.19 M 11 Yes Early
F 6 No 4 9 Yes 6
Sleep disorders 3 0.43 F 11 Yes 1 1 0.10 M 11 Yes 2
M 10 No 7
M 13 No 1
Asthenia 1 0.14 M 8 No 4
Psychiatric disorder 6 0.87 M 13 Yes 19 5 0.49 M Yes Early
M 9 Yes 10 M Yes Early
M 13 Yes 2 M 11 Yes Early
M 9 Yes 8 M 7 Yes Early
M 9 Yes 4 M Yes Early
M 10 Yes 2
Mood disorders 4 0.58 M 10 No 4 1 0.10 M 10 Yes Early
M 15 No 1
F Yes 1
M Yes 3
Hallucinations 2 0.29 M 10 No 4
M 10 Yes Early
Cardiovascular
Prolonged QTc 1 0.14 M Yes 4
Tachycardia 4 0.58 M Yes 2 2 0.19 F 7 Yes 12
M 6 Yes 5 M 16 No Early
M 10 Yes Early
M 7 Yes 6
Severe hypertension 1 0.14 F 16 No 4 2 0.19 M 11 Yes 16
M 14 Yes 5
Severe hypotension 1 0.14 M 14 Yes 2
Cardiovascular disease 3 0.43 M 12 Yes 5
M Yes 4
M Yes 5
Vasovagal reaction 1 0.14 M 13 Yes 6
Right bundle branch 1 0.10 M 12 Yes Early
block
Hematological
Epistaxis 1 0.10 F 12 No 6
Thrombocytopenia 1 0.14 M 15 Yes 5
Immunological
Allergy 1 0.14 M Yes Early
Rash 3 0.43 M Yes 6
M Yes 2
M 12 Yes Early
Autoimmune disease 1 0.10 M 8 Yes 9
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Table 4 continued

Severe AE ATMX MPH
No. of IRigopy Gender Age Dis TTO No. of IRjgopy Gender Age Dis TTO
events (years) events (years)
Dermatological
Skin disorders 7 1.01 M 9 Yes 18 3 0.29 M Yes Early
M 12 Yes 10 F No 18
M 7 Yes 6 F 8 No 15
M 9 Yes 5
M 10 Yes Early
F 12 No Early
M 17 Yes 7
Alopecia 1 0.10 M 12 No 51
Eye disease 1 0.14 F 12 No Early 1 0.10 M 12 Yes Early

AE adverse event, ATMX atomoxetine, Dis Discontinuation, F female, IR;yypy incidence cates per 100 person-years, M male, MPH methyl-

phenidate, 77O time to onset (months)

Table 5 Number of severe
adverse events and incidence

ATMX

MPH

rates per 100 person-years in

Comorbidities

Comorbidities

atomoxetine- and

methylphenidate-treated No (161.5) Yes (736.1) No (289.9) Yes (528.3)

children., W_ith and without n IR gopy n IR p0py n IR popy n IR p0py

comorbidities
Gastrointestinal 9 5.6 13 2.5 0 0.0 7 1.0
Liver 2 1.2 2 0.4 1 0.3 0 0.0
Suicidal ideation 1 0.6 4 0.8 0 0.0 0 0.0
Neuropsychiatric 6 3.7 21 4.0 6 2.1 10 14
Cardiovascular 6 3.7 5 0.9 2 0.7 3 0.4
Hematological 1 0.6 0 0.0 0 0.0 1 0.1
Immunological 1 0.6 3 0.6 0 0.0 1 0.1
Dermatological 3 1.9 4 0.8 1 0.3 3 0.4
Eye disease 0 0.0 1 0.2 1 0.3 0 0.0

IR gopy significantly different between MPH- and ATMX-treated children (with and without comorbidities)

are reported in bold

ATMX atomoxetine, IR;gopy incidence rates per 100 person-years, MPH methylphenidate

mood disorder and dizziness (mild AEs), as well as for
severe gastrointestinal, neuropsychiatric, and cardiovascu-
lar events (severe AEs).

We also observed that mild AEs usually occurred after a
shorter time of exposure to atomoxetine than methylphe-
nidate. On the basis of the pharmacokinetics, it is not clear
why the AEs occurred in patients treated with atomoxetine
after a shorter exposure to the drug compared with patients
with methylphenidate.

The atomoxetine non-comorbid group displayed low
rates of insomnia, suggesting a potential benefit of ato-
moxetine for insomnia, as pointed out by the EAGG [12].

We note that our study also explored growth delay,
defined as (i) height less than or equal to —3 SD, or less
than or equal to —2 SD plus height velocity/year less than
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—1.0 SD for age and gender at 6 months or 0.5 after
2 years; (ii) height less than or equal to —1.5 SD plus
height velocity/year less than —1.0 SD for age and gender
at 6 months or 0.5 after 2 years; or (iii) height velocity/
year <2 SD or —1.5 after 2 years [28]. Indeed, 16 cases of
mild growth delay were notified (12 patients treated with
methylphenidate and 4 with atomoxetine). In none of these
cases was the growth delay more than 2 SD (data available
upon request). However, these results should be considered
with caution; a longer follow-up period might reveal more
reliable data on growth. The EAGG concluded that there is
evidence of significant psychostimulant-associated height
and weight deficits (length of treatment 0.5-3.5 years). The
deficit in height tends to increase with time, but the rate of
deficit tends to decrease over time for height and weight,
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Table 6 Crude and Mantel-Haenszel adjusted incidence rate ratios of severe adverse events in the methylphenidate and atomoxetine groups,

with and without comorbidities

ATMX vs. MPH

Mantel-Haenszel

No comorbidities Comorbidities
IRR 95 % CI IRR 95 % CI Heterog p value 95 % CI
Lower Upper Lower Upper IRR Lower Upper
Severe adverse events

Gastrointestinal 3.53 - 2.59 0.96 7.66 4.56 2.00 10.43
Liver 3.58 0.19 211.22 0.26 - 6.83 0.71 66.08
Suicidal ideation 0.05 - 0.92 -
Neuropsychiatric 1.79 0.48 6.70 2.93 1.32 6.96 0.478 2.54 1.36 4.74
Cardiovascular 5.37 0.96 54.41 2.32 0.45 14.96 0.444 343 1.21 9.76
Hematological 0.05 - 0.00 0.00 54.36
Immunological 0.05 - 4.18 0.34 219.53 5.72 0.66 49.19
Dermatological 5.37 0.43 281.93 1.86 0.31 12.69 0.443 2.64 0.79 8.87
Eye disease 0.00 0.00 69.81 0.04 -

IRRs are computed as ratio between person-years incidence rates of ATMX vs. MPH. Significant IRRs and the corresponding 95 % CI are

reported in bold

When there were no events in the reference group of MPH-treated children (without and/or with comorbidities), the corresponding IRRs could

not be computed, and only the lower level of the 95 % CI could be estimated

Heterog p value refers to the significance level of the test for heterogeneity among strata

ATMX atomoxetine, CI confidence interval, /RR incidence rate ratio, MPH methylphenidate

suggesting a tendency for the deficit to attenuate with time.
As for atomoxetine, a meta-analysis [29] found that the
mean actual weight and height at 24 months were 2.5 kg
and 2.7 cm lower than the expected values, respectively,
based on baseline weight and height percentile. The dif-
ference mostly occurred during the first 18 months of
treatment.

Taken together, our results are at odds with two meta-
analyses of RCTs [13, 14] that, as reported above, showed
that methylphenidate and atomoxetine have similar profiles
in terms of all-cause discontinuation and incidence of AEs,
as well as with individual studies reporting a significantly
greater incidence of decreased appetite and insomnia [15],
weight loss and heart rate increase [16] with methylphe-
nidate. We hypothesize that the differences between our
results and the conclusions of these studies are accounted
for by the different design (naturalistic in our study vs.
RCTs in the meta-analyses and previous individual stud-
ies), as well as by the longer duration of our study com-
pared with standard available RCTs.

Our results should be considered in light of the study
limitations. First, this was not a randomized study,
therefore differences between participants treated with
methylphenidate and those who took atomoxetine may
have accounted for the findings. However, it is worthy to
note that significant differences in terms of prevalence of
mild and severe AEs did stand, even after controlling for
the effect of psychiatric comorbidities. Whilst the lack of

randomization could be considered as a limitation, the
naturalistic design of our study is, at the same time, its
strength, allowing for an understanding of the differences
in prevalence of AEs in a ‘real-world’ clinical context.
Second, data on AEs were not available for all partici-
pants at follow-up visits following the baseline assess-
ment and treatment assignment. However, this only
occurred for 3.3 % of participants, therefore it is unlikely
that our results were not representative of the entire
sample. Third, our study could not be informative with
regard to AEs occurring with extended-release formula-
tions of methylphenidate as well as with other class of
ADHD drugs since these were not available in Italy
during the study period. Fourth, the average doses of
methylphenidate and atomoxetine were rather low for
usual standards of treatment, reflecting the caution to use
ADHD drugs in Italy. However, we do not consider this a
confounding factor since the average dose was low for
both medications. Fifth, the naturalistic design did not
allow to assess if children were adequately titrated, for
both medications. Sixth, data on validity and reliability of
measures across centres are not available. Finally, the
study did not include a control group of healthy partici-
pants. However, our study focus was on the comparison
of the prevalence of AEs between methylphenidate- and
atomoxetine-treated participants rather than on the
prevalence of AEs in children treated with ADHD and
healthy controls.
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As well as the naturalistic design with no exclusion
criteria, study strengths were the sample size and the
structured and standardized way of AE coding and data
collection.

5 Conclusions

Our naturalistic postmarketing phase IV pharmacovigi-
lance observational study showed that while mild and
severe AEs were observed in children treated with
methylphenidate and in those treated with atomoxetine,
those who received atomoxetine were significantly more
likely to experience AEs.
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