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Abstract Attention-deficit/hyperactivity disorder may
have substantial impact on family life, peer interactions, and
quality of life. Stimulants are recommended as first-line
pharmacotherapy for ADHD. OROS® MPH (Concerta®) is a
long-acting preparation with duration of effect forup to 12 h.
In this 8-week, prospective, open-label, non-interventional
trial the impact of therapy with OROS® MPH on functioning
in four different areas of life (school, recreation, family life,
and peer interaction), severity of disease, and quality of life
(QoL) as well as tolerability were investigated under daily
routine care. 306 patients, aged 10.2 £ 2.3 years, were
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either transitioned to OROS® MPH from short-acting,
immediate-release MPH (-IR) preparations (n = 231; 75%),
or treatment was initiated with OROS® MPH in MPH-naive
patients (n = 75; 25%). In both groups, therapy with
OROS® MPH was associated with significant improvements
in daily functioning, severity of disease, and QoL. Adverse
events (AE) were documented in 160 patients (52.3%). In 95
patients (31.0%) a causal relationship was assessed as at least
possible. Four serious AEs were reported in 2 patients and
rated as doubtfully related to study medication. Most fre-
quent AEs (>5% of patients) were insomnia, anorexia,
ineffectiveness of medication, and headache. In 12.1% of
patients AE led to discontinuation of study participation.
Considering the limitations of this non-interventional study,
the results refer to the importance of a therapy that covers not
only school-time, but also takes other areas of life into
account. Initiating treatment with long-acting preparations,
such as OROS® MPH in MPH-naive patients might be a
feasible option.

Keywords Attention deficit/hyperactivity disorder
(ADHD) - Stimulant therapy - Methylphenidate -
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Introduction

Impact of ADHD on different areas of life and quality
of life (QoL)

With a reported prevalence of 4 to 10%, attention-deficit/
hyperactivity disorder (ADHD) is the most common
neurobehavioural disorder in children and adolescents
(American Academy of Pediatrics 2000; Barbaresi et al.
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2002; Rappley 2005; Murphy and Barkley 1996; Faraone
and Wilens 2003; Kessler et al. 2005). ADHD is recognized
as a chronic condition with symptoms appearing in early
childhood and an estimated persistence of about 50% into
adulthood (Steinhausen 2003; Sobanski and Alm 2004;
Murphy and Barkley 1996). Associations have been shown
between the disorder and substantial impact upon academic
achievements, and also upon important other aspects of the
patients’ lives, e.g. peer and family interactions. There are
indications for ADHD exerting continuous negative influ-
ence on educational and occupational achievements, and
also on personality development, including self-esteem and
interpersonal relationships, social functioning, driving
ability, and quality of life (Hechtman et al. 1984; Gittelman
et al. 1985; Mannuzza et al. 1993; Jerome et al. 2006;
Escobar et al. 2008). In an 8-year prospective follow-up
study, children with ADHD were at significantly higher risk
of negative psychiatric, social, legal, academic, and family-
functioning outcomes in adolescence than children without
ADHD (Barkley et al. 1990). A recent quality of life study
comparing children and adolescents with ADHD to a control
group demonstrated ADHD patients having significant
deficits in all psychosocial domains and more problems with
emotional behavioural role-function, behaviour, mental
health, and self-esteem (Klassen et al. 2004). In another
study comparing male adolescents with ADHD to adoles-
cents with no chronic condition and to adolescents with
mobility impairments, adolescents with ADHD reported
similar quality of life as adolescents in the mobility
impairment group and lower quality of life than those with
no chronic condition (Topolski et al. 2004). There is an
association of ADHD with family disruption, marital func-
tioning, parental exhaustion and stress, social isolation,
increased alcohol consumption, and mental disorders, such
as depression and substance-use disorders (Harpin 2005;
Johnston and Mash 2001; Podolski and Nigg 2001; Pelham
and Lang 1999; Minde et al. 2003). However, possible
mechanisms underlying these associations are still unclear.

The relevance of extracurricular activities

Traditionally, academic or school activities have been
highlighted as the most important, with concomitant focus
on medication during these periods. However, this
approach may underestimate the possible importance of
non-academic and extra-curricular activities that may
contribute to the patient’s personal development. These
activities are usually pursued in the afternoon and early
evening when the effects of short-acting medications might
be fading, depending on medication intake regimes, pos-
sibly resulting in re-occurrence of symptoms. Usually in
the afternoon and early evening many of the social and
recreational activities take place, such as team sports, play,
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and other social interactions with the patients’ families and
peers. Re-occurrence of symptoms during these times of
the day may have an influence on family functioning.

Stimulant medication

Stimulant medication is an important cornerstone in the
multimodal treatment of ADHD. Current guidelines rec-
ommend methylphenidate (MPH) as first line option in
pharmacological treatment of ADHD (Brown et al. 2005;
Banaschewski et al. 2006; Taylor et al. 2004; Stein and
Perrin 2003). MPH markedly and rapidly reduces the overt
clinical manifestations of ADHD. In addition, MPH posi-
tively influences the quality of social interactions and
decreases aggressiveness (Taylor et al. 2004).

As for all patients with persistent disorders, adherence to
medication is also challenging for patients with ADHD.
Several factors have been identified to influence on
adherence: tolerability plays an important role, but also the
medication’s effects on social interactions, quality of life
and the satisfaction with therapy perceived by patients,
their parents and physicians, or stigmatization felt when
having to take medication at school. If the degree of sat-
isfaction with a therapeutic option is high, a positive
impact on compliance can be expected. Good compliance
is likely to enhance therapeutic outcome (Swanson 2003).

Due to its short half-life, immediate-release methyl-
phenidate (MPH-IR) requires dosing 1-3 times a day,
which might be inconvenient for the patient. Long-acting
formulations have been developed that allow once-daily
dosing. The possible advantages of long-acting drugs
may be (i) a potential reduction of stigma at school,
(ii) improved adherence, and (iii) possibly reduced risk of
misuse. Current international guidelines for the manage-
ment of ADHD, thus, state that, besides short-acting
formulations, long-acting formulations should be available
and used (Banaschewski et al. 2006). The smoother phar-
macokinetic profile of long-acting agents may also provide
a more consistent medication effect. A main countervailing
argument is cost (Banaschewski et al. 2006). This may,
however, be outweighed by a reduction in cost produced by
compliance problems and resulting in insufficient effec-
tiveness of medication (Swanson 2003).

Currently, treatment with MPH is usually initiated with
immediate release formulations for dose-finding. Once
therapy has been successfully initiated, patients may be
transitioned to long-acting formulations. There is growing
evidence that it may also be suitable to start therapy by
using long-acting formulations initially without compro-
mising safety and tolerability (Swanson et al. 2000). This
would avoid the need for switching medication shortly
after stimulant therapy has been successfully established in
the patient.
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OROS® MPH

OROS® MPH (Concerta®) is a long-acting formulation of
MPH which uses Osmotic Release Oral System (OROS®)
technology to produce an ascending MPH plasma profile
with a duration of action of about 12 h (Modi et al. 2000).
In three short-term, randomized, controlled studies in
children, OROS® MPH has been shown to improve
behavioural and attentional symptoms of ADHD through a
12-h period. Its efficacy has been shown to be comparable
to that of MPH-IR dosed three times daily (Wolraich et al.
2001; Pelham et al. 2001; Swanson et al. 2004). In addi-
tion, long-term safety and effectiveness of OROS® MPH
have been demonstrated in two open-label studies lasting
9 months and 24 months (Wilens et al. 2005; Wolraich
2003).

The effects of therapy with OROS® MPH on parents’ and
physicians’ satisfaction as well as the effects on quality of
life have been investigated in a prospective, open-label study
over 3 weeks in Germany; 213 patients with ADHD previ-
ously treated with MPH-IR were switched to OROS® MPH
18, 36, or 54 mg. Primary criteria of effectiveness were the
IOWA-Conners inattention/overactivity-subscale and a
global assessment of efficacy. Secondary criteria of effec-
tiveness included the IOWA-Conners oppositional/defiant-
subscale, peer interaction rating, and investigators’ global
assessment. Switching symptomatically stable patients
from MPH-IR to OROS® MPH resulted in a significant
improvement of ADHD-symptoms in the after-school time.
At school, OROS® MPH showed to be at least as effective as
MPH-IR. Tolerability was good with a trend for improved
sleep and appetite. Caregivers and investigators did reflect a
high degree of satisfaction with the medication (Heger et al.
2006). In an 8-week, open-label study, 147 patients were
randomized to therapy either with MPH-IR tid or OROS®
MPH once daily after a minimum 3-day wash-out phase.
OROS® MPH showed statistically significant superiority to
MPH-IR in remission rate, and severity of ADHD and ODD
symptoms (Steele et al. 2006a, b).

The objectives of the present study were to assess tol-
erability of OROS® MPH therapy, as well as its possible
effectiveness in children and adolescents aged 6 to
14 years under the conditions of paediatric daily routine
treatment. Special attention was paid to social functioning
in four important areas of life (school, recreation, family
life and peer interaction), to the severity of disease and
quality of life.

Methods

The design of this prospective, open-label, single-arm, non-
interventional trial with OROS® MPH conducted in

Germany (42603ATT0001/GER-CON-1) attempted to
reflect everyday practice in paediatric care. The study was
approved by the International Ethics Committee of the
University of Freiburg (Germany). This study was con-
ducted in accordance with the ethical principles that have
their origin in the declaration of Helsinki, with the “rec-
ommendations for the planning, implementation, and
evaluation of observational studies with medicinal prod-
ucts” of the Federal Institute for Drugs and Medical
Devices (BfArM) dated 12th November 1998 and the
“notice to marketing authorization holders—pharmaco-
vigilance guidelines” issued by the European Agency for
the Evaluation of Medicinal Products (EMEA). Clinical
monitors performed on-site visits and checked patient
record forms regarding completeness and plausibility.
Selection criteria were: male and female patients (i) aged
6-14 years, (ii)) with a diagnosis of attention deficit
hyperactivity disorder according to ICD-10, (iii) in whom
the initiation of therapy with OROS® MPH or a transition
from short-acting MPH-IR to OROS® MPH was medically
indicated. This indication was left at the sole discretion of
the treating physician and was not defined in more detail or
further questioned in the documentation file. The patients
were allowed to be pre-treated with MPH-IR preparations
once to thrice daily. No further information about the
dosage or dosing regimen of this MPH pre-treatment was
captured in the documentation file. Due to the nature of a
non-interventional trial, diagnosis and treatment were also
at the discretion of the treating physician. Neither stan-
dardized diagnostic procedures nor a pre-defined titration
scheme were performed. No specification for the transition
period from MPH-IR to OROS® MPH was made. A
washout period was not required. It was recommended to
follow the Summary of Product Characteristics (SmPC)
and to keep dosage within the approved scope of 18-54 mg
of OROS® MPH per day.

The duration of the observation was 8 weeks. Assess-
ments were scheduled for day O (baseline, start of therapy
with OROS® MPH, visit 1), week 1 (visit 2), week 2 (visit
3), and week 8 (or at the time of premature discontinuation,
if applicable, visit 4/endpoint), respectively. No criteria for
premature discontinuation were specified, and the decision
to discontinue a patient from the study was the sole deci-
sion of the treating physician.

Criteria for evaluation

All criteria for evaluation should have been easy to use in
the framework of paediatric daily routine care and should
not require special rater training. Primary outcome measure
was the change in functioning in four areas of life (school,
recreational area, family life, and peer interaction). Criteria
for effectiveness used non-validated, simplified scales,
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Table 1 Study design

Visit Vi
Baseline

V2 V3 V4
End of study

Scheduled assessment Day 0

Start of therapy

End of week 1  End of week 2 End of week 8 or

premature termination

with OROS® MPH

Demographic data
Height/weight
Vital signs

Case history

XXX X)X

Judgment of therapeutic effects
on different areas of life (functioning)

Changes in quality of life (QoL)
Severity of disease (CGI) X
Change in severity of disease (CGI-C)

Global rating of effectiveness and parents’ satisfaction

Prior MPH medication X
Dosage of OROS® MPH X
Adverse events (AE)

Quality of sleep and appetite X
Documentation of tics X

X
X X X
X X X
X X X
X
X
X
X X X
X X X
X X X
X

such as ratings of therapy effects on 4 areas of life (school,
recreational area, family life, and peer interaction), all on a
categorical scale from 1 = ‘very good’ to 5 = ‘very bad’
at all visits, ratings of changes in quality of life according
to an interview with the parents, “How would you describe
the influence of treatment on the family life compared to
baseline?” on a categorical Likert scale from 1 = ‘much
improved’ to 5 = ‘much worse’ at visits 2, 3, and 4, and
global ratings of effectiveness and parents’ satisfaction,
each on a categorical scale from 1 = ‘very good’ to
5 = ‘very bad’ at visit 4 and validated scales, such as the
Clinical Global Impression, Severity and Change (CGI and
CGI-C) scales at visits 1 and 4. The entries of CGI were
coded as follows: 0 = ‘cannot be judged’; 1 = ‘no dis-
ease’; 2 = ‘borderline ill’; 3 = ‘mildly ill’; 4 = ‘moder-
ately illI’; 5 = ‘markedly illI’; 6 = ‘severely ill’;
7 = ‘extremely severe ill’. The change in clinical global
impression (CGI-C) was coded as follows: 0 = ‘cannot be
judged’; 1 = ‘very much improved’; 2 = ‘much
improved’; 3 = ‘minimally improved’; 4 = ‘unchanged’;
5 = ‘minimally worse’; 6 = ‘much worse’; 7 = ‘very
much worse’.

Criteria for evaluation of tolerability were measuring of
weight, BMI, and vital signs (blood pressure, pulse fre-
quency), documentation of adverse events, ratings of
quality of sleep and appetite on categorical Likert scales
from 1 = ‘very good’ to 5 = ‘very bad’ at all visits, as
well as the documentation of tics at visits 1 and 4. All
ratings were performed by the treating physician who was
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asked to document the current symptomatology at the time
of rating. Bases for this rating were the physician’s clinical
observation and the caregivers’ report. The study design
and data collection are outlined in Table 1.

Post-hoc analyses

To answer the question if initial therapy with OROS® MPH
in MPH-naive patients shows comparable results as the
transition from MPH-IR, two subgroups (patients without
previous MPH medications/MPH-naive patients = initial
treatment and patients with previous MPH medica-
tion = switch treatment) were examined separately in a
post-hoc analysis. There was no further differentiation of
the pre-treatment regimen possible. In a further post-hoc
analysis, the response rate (defined as CGI-C < 2, meaning
at least ‘much improved’ at week 8) and the remission rate
(defined as CGI < 2, meaning not ill or borderline ill at
week 8) were calculated. Another post-hoc analysis aimed
at identification of explanatory variables for the changes in
rating of different areas of life by means of regression
analysis.

Statistical methods

Statistical analyses were based on the intention-to-treat
(ITT) population. The last value after start of treatment was
calculated according to the last observation carried forward
(LOCF) method. Differences between baseline value and
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Table 2 Demographic data and disease characteristics

Initial Switch All
Gender
Female (%) 21.30 19.00 19.60
Male (%) 78.70 81.00 80.40
Age (years)
Mean + SD 97+22 103 £23 102 £ 23
Duration of disease (years)
Mean + SD 1.9+ 19 23 4+20 22 4+20
Diagnosis of ADHD (ICD-10; multiple responses)
F90.0 (disturbance of activity and attention) (%) 78.70 70.60 72.50
F90.1 (hyperkinetic conduct disorder) (%) 30.70 35.50 34.30
F90.8 (other hyperkinetic disorder) (%) 0.00 2.20 1.60
F90.9 (hyperkinetic disorder, unspecified) (%) 0.00 4.30 3.30
Others (all but one patient had >1 of the 4 diagnoses above) (%) 6.70 10.00 9.20
Concomitant diseases (ICD-10; multiple responses)
None (%) 57.30 62.80 61.40
F91.X (conduct disorder) (%) 32.00 23.40 25.50
F91 including F91.3 (oppositional defiant disorder) (%) 20.00 25.50 24.20
F41 (anxiety disorder) (%) 6.70 5.20 5.60
F42 (obsessive—compulsive disorder) (%) 1.30 1.30 1.30

Patients in ITT = safety analysis (n = 306), Initial = initial treatment group; MPH-naive patients (n = 231) (75.5%), Switch = switch
treatment group; patients previously treated with MPH-IR (n = 75) (24.5%)

the last score in the efficacy variables were analysed with
Wilcoxon’s test. All statistical tests were exploratory in
nature. Two-sided p-values were reported; p-values contain
no adjustment for multiple testing. Regression analysis was
used post-hoc to investigate the effect of a set of explan-
atory variables on the changes in rating of different areas of
life. For every area a separate model was analysed. The
dependent variables were the differences in rating of
functioning in the areas of school, recreation, family, and
peers. Explanatory variables were group, gender, age,
duration of disease, CGI at baseline, and the incidence of
concomitant diseases. Evaluation was performed using the
software package SAS 9.1.3.

Results
Demographics

As much as 313 CRFs from 79 centres were available.
After exclusion of 7 patients in whom no relevant data
about efficacy and safety were documented, the ITT-pop-
ulation comprised 306 patients (=safety set) from 76 study
centres. Data from these 306 patients were analysed; 246
(80.4%) patients were male, and the mean age £ SD of the
patients at baseline was 10.2 + 2.3 years. There were no
relevant differences between the switch treatment and the

initial treatment groups (mean age & SD in switch treat-
ment group was 10.3 £ 2.3 and 9.7 & 2.2 in initial treat-
ment group; Table 2).

Diagnoses

The most frequent ICD-diagnoses were F90.0—Distur-
bance of activity and attention’ (72.5%) and F90.1—
‘Hyperkinetic conduct disorder’ (34.3%). Mean dura-
tion & SD of the disorder from diagnoses at baseline was
2.2 + 2.0 years; 118 patients (38.6%) were represented
with one to three concomitant disorders. Most frequent
concomitant disorders were ‘Conduct Disorder’ in 25.5%,
and ‘Conduct Disorder with Oppositional Defiant Disorder’
in 24.2% of patients. ‘Anxiety Disorders’ and ‘Obsessive—
Compulsive Disorders’ were less frequent (5.6% and 1.3%,
respectively [multiple answers could be stated] Table 2).

Prior and concomitant therapy

In 75 patients (24.5%) treatment was initiated with OROS®
MPH (initial treatment group), whereas 231 patients
(75.5%) were switched to OROS® MPH from MPH-IR
preparations (switch treatment group). About half of the
patients (49.7%) had only previous MPH medication;
25.8% of patients had previous as well as concomitant
MPH medication; 19.0% had neither previous, nor
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concomitant MPH medication, and 5.6% of patients had
only concomitant MPH medication. No further information
on the pre- or concomitant MPH treatment regimen was
available. At baseline, there were 100 patients (32.7%)
with one or two additional non-pharmacological treatments
(behavioural and ergotherapy or “others not otherwise
specified” were documented) in the last 3 months; 283
patients (92.5%) had no changes in additional non-phar-
macological treatment during the course of the study. As
much as 15 patients (4.9%) had at least one more additional
non-pharmacological treatment.

Duration of observation

Mean duration = SD of observation was approximately
56 + 16.8 days (range 6-114 days); 43 patients discon-
tinued prematurely (14.1%). The patients could have
multiple reasons for premature discontinuation; the most
common reason was due to an adverse event (37 patients;
12.1%) and/or due to lack of efficacy (23 patients; 7.5%).
Two patients were lost to follow-up, another two were
discontinued due to lack of compliance and eight patients
gave other reasons for premature discontinuation. Mean
duration & SD of treatment with OROS® MPH was
approximately 55 4+ 17.1 days (range 6113 days).

Dosage of medication

The median starting dose of OROS® MPH as well as the
median of the last documented dose was 36 mg/day. There
was a small increase in the mean dosage + SD from 29.5 +
12.7 to 32.8 + 13.2 mg/day at the end of documentation
(whole sample); 227 patients (74.2%) had no changes in
dosage during the study. In 22.9% of patients OROS® MPH
dose was increased at least once during the study, whereas
6.2% of patients had one dose decrease. Dosage ranged from
18 to 72 mg/day in the whole sample and the switch treat-
ment subgroup, and from 18 to 54 mg/day in the initial
treatment subgroup. Patients in the switch treatment
subgroup received higher doses at baseline and endpoint
than patients in the initial treatment subgroup (31.6 + 12.7
and 34.4 £ 13.5 mg/day vs. 22.8 £ 10.0 and 27.8 &+
10.8 mg/day, respectively).

Effectiveness results

Therapy effects on functioning in 4 areas of life
(school, recreation, family and peer interaction)

At baseline, the situation at school was judged as ‘bad’ or
‘very bad’ in 39.9% of all patients. At the end of the study,
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the rate of patients with such judgments had diminished to
14.4%. At the same time, the rate of patients with judg-
ments ‘good’ or ‘very good’ had increased from 28.4% to
61.8%. In total, more than half of the patients (56.2%)
showed an improvement in their situation at school, 14.1%
worsened, and 28.1% remained unchanged.

In 17.6% of all patients, the situation in the recreational
area was judged as ‘bad’ or ‘very bad’ at baseline. At the
end of the study, the rate of patients with such judgments
had diminished to 7.5%. At the same time, the rate of
patients with judgments ‘good’ or ‘very good’ had
increased from 40.8% to 72.5%. More than half of the
patients showed an improvement in the recreational area
(50.7%), 13.7% worsened, and 35.3% remained
unchanged.

In 28.8% of all patients, family life was judged as ‘bad’
or ‘very bad’ at baseline. At the end of the study, the rate of
patients with such judgments had diminished to 11.8%. At
the same time, the rate of patients with judgments ‘good’ or
‘very good’ had increased from 31.0% to 71.2%. More than
half of the patients showed an improvement in the family
area (58.8%), 13.1% worsened, and 28.1% remained
unchanged.

Peer interaction was judged as ‘bad’ or ‘very bad’ in
23.9% of all patients at baseline. At the end of the study, the
rate of patients with such judgments had diminished to 9.5%.
At the same time, the rate of patients with judgments ‘good’
or ‘very good’ had increased from 42.2% to 65.4%. In total,
47.4% of patients showed an improvement in peer interac-
tions, 17.3% worsened, and 35.3% remained unchanged.

Considering the distribution parameters after coding
from 1= ‘very good’ to 5 = ‘very bad’, significant
improvements were found in all relevant areas of life in the
whole sample as well as in both subgroups (initial treat-
ment and switch treatment; all p < 0.0001), with numeri-
cally greater improvements in all areas in the initial
treatment group (Table 3).

In the regression model for the main endpoints addressing
effects on various life areas, the variables of CGI at baseline
and, in some cases, group and duration of the disorder at
baseline could be identified as significant influencing fac-
tors. The largest effects could be expected in patients with
higher ratings in severity of disease, without previous MPH
treatment and with longer duration of the disease.

CGI and CGI-C (severity of disease)

Most patients had ‘marked’ or ‘moderate’ disease at
baseline (whole sample: 81.0%, initial treatment: 81.3%,
and switch treatment: 81.0%). Actual severity of disease
was slightly milder in patients of the switch treatment
group, with a mean value £ SD in CGI at baseline of
4.4 4+ 0.9 versus 4.7 £ 0.8 in the initial treatment group.
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Table 3 Changes in functioning in relevant areas of life (Mean value & SD last value — Mean value &= SD baseline; ITT and subgroups)

Area of Life Switch treatment

Initial treatment Whole sample

n =231 n=175
School —-057+13 —1.30+ 1.3 —0.75 &+ 1.3 (n = 301)
Recreation —-039+1.0 —0.89 £ 1.3 —0.51 £ 1.1 (n = 305)
Family life —0.63 £12 —1.08 £ 1.5 —0.74 £ 1.3 (n = 306)
Peer interaction —038 £ 1.1 —0.68 + 1.3 —0.45 + 1.1 (n = 306)

Negative values indicate functional improvement (p < 0.0001 for all changes vs. baseline)

In the whole sample, the rate of patients with ‘marked’,
‘severe’, or ‘extremely severe’ disease decreased from
51.0% at baseline to 20.3% at the end of the study. In the
initial treatment group as well as in the switch treatment
group most patients had ‘moderate’ disease at the end of
the study (initial treatment: 32.0%, switch treatment:
28.6%) followed by ‘mild’ disease (initial treatment:
26.7%, switch treatment: 28.1%). Differences between CGI
values at baseline and end of the study were statistically
significant in both subgroups and in the whole sample
(p < 0.0001; Fig. 1).

For the CGI Change (CGI-C), 81.0% of all patients
showed an improvement in their severity of disease
(including minimal improvement). At the end of the study,
most patients had ‘much improved’ (43.8%) or ‘very much
improved’ (23.5%); 13.7% of patients showed a worsening
(‘minimally’, ‘much’, or ‘very much worse’), and 2.9%
remained unchanged. Compared to the switch treatment
group, more patients in the initial treatment group showed

| p<0.00001

LastValue

Baseline

OSwitchTreatment m®initial Treatment @Whole Sample

Fig. 1 CGI—changes between baseline and last value (mean value;
higher values indicate more severe disease)

at least minimal improvement (79.7% vs. 85.3%) and less
patients worsened (15.2% vs. 9.3%) (Fig. 2).

Response and remission

67.3% of patients showed a response (CGI-C < 2, meaning
at least ‘much improved’ at week 8). The response rate in
the initial treatment group was higher than in the switch
treatment group (74.7% vs. 64.9%). Remission rate
(CGI < 2 meaning not ill or borderline ill at week 8) was
20.9% (whole group). There was no difference in remission
rates between the initial and the switch treatment group.

Quality of life (QoL)

Quality of life for the family at last value had at least
‘improved’ in 73.9% of all patients in the whole sample
based on an interview with the parents. Quality of life was
rated as ‘unchanged’ in 16.0%, as ‘worse’ in 8.5%, and as
‘much worse’ in 1.3% of all patients. In the switch treat-
ment group 70.6% showed an improvement compared to
84.0% in the initial treatment group (Fig. 3).

Global rating of effectiveness

In this global rating, 29.1% of investigators rated thera-
peutic effectiveness as ‘very good’, 43.8% as ‘moderate’,
11.1% as ‘low’, and 13.7% as ‘unimproved/declined’. The
remaining 2.3% provided no rating.

Parents’ satisfaction

Parents (51.0%) rated the effectiveness of therapy with
OROS® MPH as ‘good’ and 20.9% as ‘very good’, 14.1%
as ‘moderate’, 11.1% as ‘bad’, and 1.6% as ‘very bad’. In
total, 69.3% of all parents were ‘very satisfied’ or ‘satis-
fied’ with the therapy.

Tolerability results
Tolerability was judged as ‘good’ or ‘very good’ by 85.0%,

‘moderate’ by 8.2%, ‘bad’ or ‘very bad’ by 5.6% of
parents.
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Fig. 3 Quality of life at endpoint (interview with parents, rating on a
categorical scale from 1 = ‘much improved’ to 5 = ‘much worse’)

Adverse events

A total of 319 adverse events (AEs) were reported by 160
of 306 patients (52.3%). For 161 of 319 AEs (50.5%) in 95
patients (31.0%) a causal relationship between the admin-
istration of OROS® MPH and the event was assessed as at
least possible by the investigator. Most frequent adverse
events (>5% of all patients) were insomnia (10.8%),
anorexia (7.8%), ineffectiveness of medication (7.8%), and
headache (5.6%). Adverse events with a frequency >2%

@ Springer

Weight and BMI

Mean weight £ SD at baseline was 37.2 £ 12.9 kg (range
18.0-88.8 kg), and 37.0 £ 13.0 kg (range 18.6-88.0 kg) at
endpoint. Mean weight change £+ SD between baseline and
endpoint accounted for —0.26 £ 1.4 kg (range —5.9 to 4.0;
n = 285 evaluable). Mean decreases in weight were
slightly larger in the initial treatment group (—0.69 +
1.6 kg) compared to the switch treatment group (—0.12 £
1.3 kg).

Mean BMI + SD at enrolment was 17.8 + 3.3 kg/m?
(range 12.5-33.4 kg/m?), and 17.5 & 3.3 kg/m” (range
12.7-32.3 kg/m?) at endpoint. Mean change in BMI + SD
was —0.3 + 0.7 kg/m? (range —4.1 to 1.8 kg/m?*; n = 283
evaluable).
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Vital signs

Mean systolic blood pressure = SD was 106.9 £
11.2 mmHg at baseline and 107.3 &+ 11.0 mmHg at the
end of the study. Mean change & SD between visits 1 and
4 was 0.1 £ 10.8 mmHg. Mean diastolic blood pressure
4+ SD was 67.1 £ 9.2 mmHg at baseline and 68.1 &
8.9 mmHg at the end of the study. Mean change + SD
between visits 1 and 4 was 0.7 & 9.7 mmHg. Mean pulse
rate = SD was 80.6 £ 11.1/min at baseline and 82.1 £
12.1/min at the end of the study. Mean change + SD
between visits 1 and 4 was 1.5 £+ 12.6/min.

Appetite and sleep

79.4% of patients were at least ‘satisfied’ with their
appetite at baseline; 41.8% showed no changes from
baseline to last visit, 26.5% showed an improvement, and
31.7% a worsening in appetite. There were no statistically
significant differences in quality of appetite between
baseline and last value, but a tendency for decreasing
appetite in the group without previous MPH (p = 0.06).

Most patients were at least ‘satisfied” with their quality
of sleep at baseline (80.7%); 38.2% of all patients had no
changes from baseline to last value, followed by 34.0%
with improvement, and 27.8 with a worsening in quality of
sleep. There were no statistically significant differences in
quality of sleep between baseline and last value, but a weak
tendency for impaired quality of sleep in the initial treat-
ment group (p = 0.12).

Tics

There were 25 patients with details to tics at visits 1 and/or
4. Most tics were present in patients with previous MPH
medication. In most patients with preexisting tics, no
change in tics occurred during the documentation period
(n = 11). Eight patients showed positive changes and six
patients showed negative changes. Tics emerging for the
first time at visit 4 were found in five patients.

Discussion

Due to usually rigid inclusion and exclusion criteria, and
closely described and monitored instructions for treatment
and concomitant medication, controlled clinical trials do not
necessarily reflect the conditions of daily routine care. Most
patients with ADHD in Germany are either treated by child
and adolescent psychiatrists or in paediatric private prac-
tices. It might, therefore, be important to document tolera-
bility and effectiveness of a treatment under the conditions of
this daily routine care by conducting non-interventional

studies. One of the design requirements of this study was its
practicability in paediatric routine care with simplified
assessments feasible under these naturalistic conditions and
without requiring special rater trainings. Therefore, pre-
dominantly uncomplex, categorical, non-validated Likert
scales were chosen for assessment of treatment effects,
easing study feasibility, but also limiting the interpretation of
its results concerning their clinical relevance. Furthermore
due to the nature of a non-interventional design, this study
was an open-label study of short duration and with no further
follow-up phase, with no control group and no active com-
parator as well. These limitations taken into account, data
derived from non-interventional studies may serve as a
valuable source of additional information (D’ Agostino and
D’ Agostino 2007), especially concerning tolerability. Here,
tolerability data were assessed in-depth by not only asking
for documentation of adverse events, which may lead to
underreporting (Segal et al. 2005), but also by prompting
information on relevant safety issues, such as weight, vital
signs, sleep, appetite, and tics.

In this prospective, open-label, single-arm, non-inter-
ventional study, data from 306 children and adolescents
aged 10.2 + 2.3 years with a diagnosis of ADHD could be
analysed. The median duration of observation was
8 weeks. With a retention rate of 85.9%, the collected data
may be considered as a valid basis for evaluation. Pre-
mature termination, in most cases, was due to adverse
events or to lack of efficacy of medication. Treatment was
initiated with OROS® MPH (subgroup initial treatment,
MPH-naive patients) in a fourth of the patients, whereas
three-fourths of patients were switched to OROS® MPH
from short-acting MPH-IR formulations (subgroup switch
treatment). Demographic and disease characteristics of
both subgroups were comparable.

It should be taken into consideration that, due to the
non-interventional design, diagnosis and treatment deci-
sions were made by the treating physician prior to docu-
mentation and during the course of the study, neither
standardized diagnostic procedures nor a pre-defined
titration scheme were performed. Some information was
not captured in the documentation file not even retrospec-
tively. This contained the information about how the ICD-10
diagnosis of ADHD or the diagnosis of comorbidities were
made, why a treatment with OROS® MPH was initiated or
why medication was transitioned and about any possible
wash-out or switching phase of prior MPH treatment.
Especially the lack of information concerning the dosage
and dosing regimen of a prior MPH treatment could lead to
biases and leaves the possibility that patients in the switch
treatment group would have experienced the same benefit
with a simple adjustment of dosage or dosing regimen,
respectively. Therefore results should be interpreted with
caution.
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Regarding the importance of extracurricular activities, a
main focus of evaluation of effectiveness was set on
patients’ functioning in different areas of life, including
family life, recreational activities, and peer interactions.
Significant improvement was found in all four areas of life
(including school), in the whole sample as well as in both
subgroups. In the regression model to the different areas of
life the largest improvements could be expected in patients
without previous MPH medication and with higher severity
and longer duration of disease.

CGI and CGI-C were used as generally accepted global
measures of actual severity of psychopathology. Differ-
ences between CGI values at baseline and end of the study
were statistically significant in both subgroups as well as in
the whole sample. Considering the CGI Change (CGI-C)
81.0% of all patients showed at least minimal improve-
ment. Following a definition by Steele et al. (2006a),
response and remission in a post-hoc analysis of this trial
accounted for 67.3% and 20.9% of patients, respectively.
These response rates are in line with those given for MPH
in literature (Rappley 2005). The remission rate seems to
be lower than the results given for MPH in literature. This
may be due to the relatively low doses given in this trial
(mean 32.8 + 13.2 mg/day). Based on the existing evi-
dence Steele et al. (2006b) concluded that adequate doses
are needed to achieve optimal outcomes and that remission
rates increase with higher doses.

The positive effects concerning quality of life, possibly
due to treatment, can be seen in line with results from
another prospective, open-label study with 598 children
and adolescents treated with OROS® MPH over a 12-week
period, that showed significant improvement in quality of
life from 17 £ 4 points to 20 =+ 4 points on the ILK parent
rating scale (p < 0.0001) and from 19 + 4 points to
21 £ 4 points on the ILK child rating scale (p < 0.0001)
(Wolff et al. 2008). Nevertheless profound research on
quality of life in ADHD as a multidimensional construct is
still sparse.

Satisfaction with therapy was very high. More than 69%
of the parents were at least ‘satisfied’ with OROS® MPH,
another 13.4% ‘moderately satisfied’. Only 16.0% were
‘dissatisfied’ or ‘very dissatisfied’. Satisfaction with med-
ication is usually a result of favourable effectiveness, good
tolerability, and a convenient therapeutic regimen.

In all analysed criteria of effectiveness, patients in the
initial treatment group experienced slightly larger
improvements than patients in the switch treatment group.
Response rates of MPH naive patients were higher as well.
Mean CGI-Scores at baseline suggest that actual severity of
disease was slightly milder in the group of patients already
treated with MPH prior to this study. These findings might
be interpreted in the way, that patients in the switch
treatment group had already experienced a partial benefit of
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their previous MPH-treatment and gained (just) an incre-
mental benefit through the transition to OROS® MPH.
Another possible explanation may be that patients, who
were switched to OROS® MPH from MPH-IR, were the
more difficult patients with a history of unsatisfactory
results under prior medication. Due to the lack of infor-
mation concerning history of disease, prior treatment
details and reasons for transition of medication the true
cause for these slightly differential effects remain unclear.

Taking all limitations of this non-interventional study
into account, therapy with OROS® MPH resulted in posi-
tive effects on some relevant areas of life for the described
population possibly due to the long duration of action of
the medication and also in a high degree of satisfaction
with the medication in patients as well as their families.
High satisfaction with therapy may likely influence com-
pliance in a positive way. However, this study was not
designed to prove this assumption. The described effec-
tiveness results are therefore more of hypothesis generating
value and further research is needed.

The most frequently reported adverse events seen in this
study were insomnia, anorexia, and headache. MPH naive
patients experienced somewhat more AE, especially
insomnia and anorexia, which probably also led to the
slightly larger mean decreases in weight and tendencies to
impaired quality of appetite and sleep, compared to
patients in the switch treatment group. These findings are
in accordance with the fact, that decreased appetite and
sleep problems (and headache) are common adverse effects
of MPH treatment and mainly occur early after the onset of
treatment (Wolraich et al. 2007).

The average decrease in weight during this 8-week study
was —0.26 kg. Other studies have also reported compara-
bly small initial weight decreases (Heger et al. 2006;
Lynch et al. 2003). There remains some conflicting evi-
dence regarding weight and growth in children receiving
methylphenidate and it is unclear whether final adult height
is affected (NICE 2009). Therefore, weight and height
should be regularly checked during stimulant therapy.

No clinically relevant changes in vital signs could be
detected during the observation period, neither in the whole
sample, nor in one of the subgroups. Research regarding
the effect of MPH on blood pressure has indicated a small
but clinically non-significant effect (average +5 mmHg) in
short-term use with a slight increase in pulse rate (average
+5 bpm) (NICE 2009). As long-term effects remain
unclear, vital signs should be checked regularly during
stimulant therapy.

The rate of patients with ‘involuntary muscle contrac-
tions’ as adverse event is lower than the rate of patients
with documented tics and approximately as high as the rate
of patients with documented worsening of tics during the
documentation period. This supports the observation that
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stimulants can be used with care in patients with preex-
isting tics (Gadow et al. 2007).

Conclusion

In this prospective, open-label, non-interventional trial
conducted in Germany, transition from MPH-IR as well
as initiation of therapy with OROS® MPH in MPH-naive
patients aged 614 years with a diagnosis of ADHD were
associated with significant improvements in daily func-
tioning in several areas of life, severity of disease, and in
quality of life. Recognizing the limitations inherent in the
design of the study (non-interventional trial, no control
group, no active comparator, some information on diag-
nosis and pre-treatment lacking, simplified assessments,
non-validated scales, patient selection without rigid
inclusion and exclusion criteria solely based on the dis-
cretion of the treating physician and post-hoc analyses
based on within-group analyses), the results of this study
in paediatric routine care may add additional findings for
the good tolerability of an effective long-acting therapy
with OROS® MPH. Furthermore, based on the results of
this trial it could be stated that initial treatment with long-
acting preparations might be an alternative effective and
tolerable option. Long-acting MPH preparations for the
treatment of ADHD might also be taken into consider-
ation if a regimen with short-acting MPH preparation is
not seen as optimal for the individual treatment. Overall,
this non-interventional study supports similar findings
from randomized, double-blind clinical trials and from
other open-label studies. The improvements in functioning
in different areas of life, severity of disease, and quality
of life documented in this population after switching
patients to OROS® MPH or after initiating treatment may
point out the possible need for a therapy which covers not
only school-time, but also the afternoon. Further con-
trolled research on the influence of treatment on ADHD,
concerning quality of life and impact on functioning and
symptomatology throughout the whole day is needed.
Besides using validated outcome measures, these inves-
tigations should be based on clear diagnostic procedures,
a thorough documentation of disease characteristics, co-
morbidities, and prior and concomitant therapies to
identify criteria, e.g. ADHD subtypes, which allow a
differential therapeutic approach.
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