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Abstract 

Background Osmotic release oral system methylphenidate (OROS-MPH) is one of the most commonly used medica-
tion for attention-deficit hyperactivity disorder (ADHD), however, real-world knowledge on OROS-MPH dose titration 
has been limited. This study aims to summarize and visualise the OROS-MPH titration patterns in children and adoles-
cents with ADHD in the United States (US) and Japan.

Methods This retrospective cohort study used the US IBM® MarketScan® Commercial Claims and Encounters data-
base from 2000 to 2019 and the Japan Medical Data Centre database from 2008 to 2019. New OROS-MPH users with 
ADHD were identified and split into child (6 to < 13 years) and adolescent (13 to < 18 years) groups according to age at 
OROS-MPH initiation/reinitiation. Patient characteristics and OROS-MPH treatment patterns were described. OROS-
MPH dose titration pathways were visualised by Sankey diagrams.

Results We included 98,973 children and 62,002 adolescents in the US cohort, and 4595 children and 1508 adoles-
cents in the Japanese cohort. In Japanese cohort, 91.9% of children and 77.9% of adolescents initiated OROS-MPH at 
the lowest dose (18 mg/day), whereas US patients had a broader distribution of initial doses (e.g., 18–54 mg/day). The 
US patients had higher daily dose of OROS-MPH than Japanese patients. Overall, a minority (< 40%) of the OROS-MPH 
users underwent dose titration, and different titration patterns were observed between the US and Japanese patients.

Conclusions Different treatment and titration patterns of OROS-MPH were observed in the two countries. Additional 
real-world studies about clinical reasoning underlying dose selection are needed to support clinical decision-making.
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Background
Attention-deficit hyperactivity disorder (ADHD) is a 
common psychiatric disorder among children, affecting 
around 5–7% of the population younger than 18 years of 
age worldwide [1–6]. Although symptom onset is typi-
cally during early to mid-childhood, the disorder may 
persist into adolescence or adulthood [2, 7–10]. Even 
though the estimated prevalence of ADHD varies lit-
tle between North America and Asia [2, 4, 11–13], the 
prevalence of ADHD medication use in Asia has been 
reported to be much lower than in North America (2010: 
4.5% in North America vs. 1.0% in Asia) [14]. Medica-
tions available for the treatment of ADHD include psy-
chostimulants and non-psychostimulants. For school-age 
populations with ADHD, psychostimulants are recom-
mended for first-line treatment and the United Kingdom 
National Institute for Health and Care Excellence (NICE) 
ranks methylphenidate (MPH) over other psychostimu-
lants [15–18]. A multi-country population-based obser-
vational study covering 150 million individuals reported 
that MPH was the most widely used ADHD medication 
in most countries, including the United States (US) (US 
Medicaid population) and Japan [14]. Non-psychostimu-
lants are used for second-line treatment if psychostimu-
lants prove inadequate or intolerable [2].

MPH comes in immediate release (IR) and extended 
release (ER) formulations, and ER MPH has become 
increasingly dominant in recent years [19, 20]. Osmotic 
release oral system methylphenidate (OROS-MPH, Con-
certa®; Janssen Pharmaceuticals, Inc) is an ER-MPH 
tablet that should be swallowed whole. Due to its once-
daily dosing and equivalent effectiveness to other MPH 
formulations [21–23], OROS-MPH has been quickly and 
widely accepted as the preferred treatment for ADHD in 
Western countries [21, 24, 25]. In addition, OROS-MPH 
was the only approved psychostimulant for ADHD indi-
cation in Japan until 2019 [26, 27].

MPH should be initiated at a low dose, especially in 
children due to their slower drug metabolism and vari-
able drug responses [18]. Upward dose titration is rec-
ommended to achieve a target dose that optimises 
effectiveness and minimises side-effects [18, 28]. Accord-
ing to OROS-MPH drug labels in the US and Japan [29, 
30], patients with ADHD younger than 18 years old are 
recommended to initiate treatment at 18 mg/day, and 
increase the daily dose in 9 or 18 mg increments when 
titration is needed. These recommendations derive pri-
marily from clinical trials [31, 32], however, evidence 
reflecting the titration strategies for OROS-MPH in real-
world settings is limited. To fill this gap, we conducted a 
retrospective cohort study in children and adolescents 
with ADHD using two claims databases from the US and 
Japan, where OROS-MPH has been used for long times 

and extensive drug utilization experience has been accu-
mulated. We aimed specially to describe OROS-MPH 
consumption and titration patterns in these two coun-
tries and to provide real-world evidence to support clini-
cal decision making.

Methods
Study drug
OROS-MPH drug codes were defined as ‘methylphe-
nidate’ as the generic name and ‘Concerta’ as the brand 
name in the study databases. In the US, OROS-MPH was 
approved for child and adolescent ADHD indications 
in 2000 and 2004 respectively, and four tablet strengths 
are available (18, 27, 36 and 54 mg). OROS-MPH was 
approved in Japan in late 2007 for both child and adoles-
cent populations and three tablet strengths are available 
(18, 27 and 36 mg).

Data sources
This retrospective cohort study utilised national health 
insurance claims data from the IBM® MarketScan® Com-
mercial Claims and Encounters (CCAE) database in the 
US for the period 2000–2019, and the Japan Medical 
Data Centre (JMDC) database for the period 2008–2019. 
To obtain sufficient observation period, retrospec-
tive data extraction from CCAE began in the year of 
OROS-MPH approval in the US, i.e., year 2000. In Japan, 
due to the lack of data of 2007, when OROS-MPH was 
approved, data collection began on January 1, 2008. The 
CCAE database covers approximately 157 million people 
and these data include health insurance claims across the 
continuum of care (e.g., inpatient, outpatient and out-
patient pharmacy) as well as enrolment data from large 
employers and health plans across the US who provide 
private healthcare coverage for employees, their spouses, 
and dependents. The JMDC is a similar payer-based 
insurance claims database covering more than 13 million 
non-government employees and their families in Japan. 
The JMDC captures monthly claims issued by clinics, 
hospitals and community pharmacies. Both the CCAE 
and JMDC are high-quality commercial claims databases 
including representative data on children and adolescents 
from the two countries.

Study populations
We first identified patients with a diagnosis of ADHD 
(ICD-10-CM: F90.x or ICD-9-CM: 314. xx) in the 
CCAE from 01 January 2000 to 31 December 2019, 
and in the JMDC from 01 January 2008 to 31 Decem-
ber 2019, reflecting the OROS-MPH launch date in 
each country. Patients with ADHD who had at least 
one OROS-MPH prescription on the same day or after 
the first ADHD diagnosis were identified. Patients were 
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included if they used OROS-MPH when aged between 
6 and < 18 years of age, and if they had at least 6 months 
of continuous enrolment in the database prior to OROS-
MPH initiation. Patients who initiated OROS-MPH 
between 6 and < 13 years of age were grouped into the 
child group, and patients who initiated OROS-MPH 
between 13 and < 18 years of age were grouped into the 
adolescent group. Patients in the child group who rein-
itiated OROS-MPH (i.e., recommenced treatment fol-
lowing a ≥ 6-month OROS-free period) between 13 
and < 18 years of age were also included into the adoles-
cent group. Thus, some patients were categorised in both 
the child and adolescent groups. Index date referred to 
the date when OROS-MPH was first used during this age 
group. Patients who were enrolled for < 1 year following 
the index date were excluded. Patients who used OROS-
MPH earlier than its launch date (i.e., off-label users) 
were also excluded.

Data collection
Data were collected relating to the index episode, which 
was from the index date until the first drug discontinu-
ation of OROS-MPH. Discontinuation was defined as a 
gap of 6 months after the end of the previous prescription 
period, or death, end of enrolment, or end of the study 
(31 December 2019), whichever occurred first. Index 
episodes could persist into the next life stage (e.g., from 
childhood to adolescence or from adolescence to adult-
hood), which would not interrupt data collection. Demo-
graphic variables (gender and age) and baseline clinical 
characteristics including comorbid psychiatric disorders 
(major depressive, anxiety, learning disorders, opposi-
tional behaviour, and substance-related disorders) and 
ADHD medication history (psychostimulants and non-
psychostimulants) were extracted from insurance claims 
within 6 months prior to the index dates. OROS-MPH 
prescription information during the index episodes was 
collected, including diagnosis, drug name, prescription 
date, dose of each tablet, daily dose, and overall quantity 
delivered.

Statistical analysis
Data analyses were conducted in child and adolescent 
groups separately for the US and Japanese cohorts. 
Baseline demographic and clinical characteristics were 
described. Age was reported as a continuous variable 
(median, inter-quartile range [IQR]). Gender, comorbid 
psychiatric disorders and ADHD medication history at 
baseline were reported as categorical variables.

The OROS-MPH daily dose and overall consump-
tion during the index episode were described. The ini-
tial regimen was measured categorically as monotherapy 
vs. combination (with other ADHD medications). 

OROS-MPH initial, maintenance, maximum, and aver-
age daily doses were summarised as both continuous and 
categorical variables. The maintenance dose was the daily 
dose level used continuously for the longest time and at 
least 60 days. The proportion of patients who had main-
tenance dose was calculated. Because OROS-MPH tab-
lets need to be swallowed whole, the daily dose should 
be equal to the dose of one single tablet or the sum of 
multiple tablets. As a result, initial, maintenance, and 
maximum daily dose were categorised as 18, 27, 36, 45, 
54, and > 54 mg/day, and average daily dose was catego-
rised as < 19, 19–27, 28–36, 37–45, 46–54 and > 54 mg/
day. Duration of the index episode was reported both 
continuously and categorically (< 6 months, 6–12 months, 
and > 12 months), and the number of OROS-MPH pre-
scriptions were reported categorically (1, 2–3, 4–9, 
10–20, and > 20).

Numbers of dose titration for each patient were 
reported categorically (0, 1, 2 or ≥ 3), and for patients 
in each category the durations of index episodes were 
described. OROS-MPH titration pathways were visual-
ised by Sankey diagrams for the patients with at least one 
dose titration. The graphs were constructed as follows: 
the first column of bars represents the initial dose level, 
and patient movement to the second column of bars rep-
resents titration to the second dose level, and so on.

Sensitivity analyses were conducted among the US 
patients who had never been exposed to any generic 
MPH within 6 months prior to OROS-MPH initiation 
(i.e., MPH-naive patients) to identify if previous experi-
ence with MPH influenced OROS-MPH initial dose and 
titration pattern.

Results
Baseline characteristics
After application of inclusion/exclusion criteria, 98,973 
child patients and 62,002 adolescent patients were 
included in the analysis for the US cohort. Among the 
US adolescents, 11.5% (n = 7112) had been exposed to 
OROS-MPH during both of childhood and adolescence. 
In the Japanese cohort, 4595 child patients and 1508 ado-
lescent patients were included in the analyses. Among 
Japanese adolescents, 8.5% (n = 128) had also been 
exposed to OROS-MPH during their childhood (Fig. 1).

Age and gender distributions were similar in the US 
and Japanese cohorts (Table  1). In both countries the 
median age at OROS-MPH initiation was 9 years for chil-
dren and 14–15 years for adolescents, and 67.8–85.4% of 
patients were male. Baseline comorbid psychiatric dis-
orders were more frequently observed in the adolescent 
group than the child group in both countries (16.8% vs. 
10.9% for the US cohort and 23.4% vs. 9.2% for the Japa-
nese cohort). The most common comorbid psychiatric 
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disorder was anxiety in US children, learning disorder in 
Japanese children and major depressive disorder in ado-
lescents in both countries. In the US cohort, 46.0% of 
children and 39.4% of adolescents had used other ADHD 
medications prior to OROS-MPH, versus 17.1 and 21.2%, 
respectively in Japan. In the US cohort, 40.7% of chil-
dren and 34.8% of adolescents had previously used psy-
chostimulants (mainly generic MPH) and 11.9 and 9.6%, 
respectively had used non-psychostimulants. By contrast, 
in the Japanese cohort, < 1% of children and adolescents 
had previously used psychostimulants, and 16.7 and 
21.0%, respectively had used non-psychostimulants (usu-
ally atomoxetine), before OROS-MPH.

OROS‑MPH dose and consumption
Most patients started OROS-MPH as monotherapy 
(about 97% in the US cohort and 90–92% in the Japanese 
cohort) (Table  2). The median initial dose was 18 mg/
day for the child group and 36 mg/day for the adoles-
cent group in the US cohort, versus 18 mg/day for both 
age groups in the Japanese cohort. In the US cohort, 
the median maintenance dose was 36 mg/day for both 
groups, versus 18 mg/day among children and 27 mg/
day among adolescents in Japanese cohort. Compared to 
the Japanese cohort, patients in the US cohort also had 
higher medians of maximum dose and average daily dose. 
The median duration of the index episode was 9.6 months 
in child group and 6.4 months in adolescent group in 

the US cohort, versus 14.7 and 9.1 months, respectively, 
in Japanese cohort. Children and adolescents in the US 
cohort received fewer OROS-MPH prescriptions than 
the equivalent age group in Japanese cohort.

OROS‑MPH titration
In this study, 69.4% of US children, 81.7% of US ado-
lescents, 64.3% of Japanese children and 61.7% of Japa-
nese adolescents didn’t underwent dose titration and 
remained at the initial dose for the entire index episode 
(Table  3). Among these patients, approximately 30% 
(20,006/68,736 of US children, 15,275/50,637 of US ado-
lescents, 830/2955 of Japanese children, and 271/930 of 
Japanese adolescents) had only one OROS-MPH pre-
scription (Tables  2 and 3). In the US cohort, 21.1% of 
children and 14.0% of adolescents underwent dose titra-
tion once or twice, and 9.5% of children and 4.3% of ado-
lescents underwent titration three or more times. In the 
Japanese cohort, 21.8% of children and 24.6% of adoles-
cents titrated once or twice, and about 14% of both age 
groups titrated three or more times. The median dura-
tion of the index episodes lengthened with the number of 
dose titrations.

Titration pathways for patients who underwent at least 
one dose titration are shown in Sankey diagrams (Fig. 2a-
d), derived from data in Supplementary Table  1–4 
(Additional file 1).

Fig. 1 Flowchart of study cohort selection in the US and Japanese cohorts. Childhood 6 to < 13 years of age; adolescence: 13 to < 18 years of age
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US child group
In the US child group (Fig. 2a & Supplementary Table 1), 
30,237 patients underwent dose titration, of whom 84.4% 
increased initial dose and 15.6% decreased initial dose. 
Among patients who initiated OROS-MPH at 18, 27, 36 
or 45 mg/day, upward titrations (e.g., 18➔27 mg/day, 
18➔36 mg/day and 27➔36 mg/day) were more observed 
than downward titrations (e.g., 27➔18 mg/day and 
36➔27 mg/day). However, the opposite was observed 
among patients who initiated OROS-MPH at ≥54 mg/
day. At the second dose level, 55.1% (16,648/30,237) of 
patients further titrated to a third dose level, of whom 
59.3% had a dose increase and 40.7% had a dose decrease. 
Among these patients, upward titrations still predomi-
nated amongst those whose second dose level was 18, 27 
or 36 mg/day, while downward titrations predominated 
in patients whose second dose level was ≥45 mg/day. 

At the third dose level, 56.2% (9354/16,648) of patients 
titrated to a fourth dose level, of whom 57.7% had a dose 
increase and 42.3% had a dose decrease. Among these 
patients there was a continuing pattern of dose increases 
in patients taking lower doses and dose decreases in 
patients at higher doses.

US adolescent group
In the US adolescent group (Fig.  2b & Supplemen-
tary Table  2), 11,365 patients underwent dose titra-
tion, of whom 75.4% increased initial dose and 24.6% 
decreased initial dose. At the second dose level, 46.8% 
(5320/11,365) of patients further titrated to a third dose 
level, of whom 56.2% had a dose increase and 43.8% 
had a dose decrease. At the third dose level, 49.9% 
(2653/5320) of patients further titrated to a fourth dose 
level, of whom 53.0% had a dose increase and 47.0% 

Table 1 Demographic and clinical characteristics of OROS-MPH users with ADHD in the US and Japan, by age groups

ADHD Attention deficit hyperactivity disorder, OROS-MPH Osmotic release oral system methylphenidate, IQR Inter-quartile range, Child group: 6 to < 13 years; 
adolescent group: 13 to < 18 years
a Comorbid psychiatric disorders within 6 months prior to index episode; patients might have more than one disorder
b all ADHD medications within 6 months prior to index episode; patients might have more than one medication
c lisdexamfetamine, dextroamphetamine, methamphetamine, and dexmethylphenidate; d: modafinil and pemoline

United States Japan

Child group 
(n = 98,973)

Adolescent group 
(n = 62,002)

Child group 
(n = 4595)

Adolescent 
group 
(n = 1508)

Median age at index date, years (IQR) 9 (8–11) 15 (14–16) 9 (8–11) 14 (14–16)

Sex, n (%)
 Male 71,559 (72.3) 42,020 (67.8) 3923 (85.4) 1102 (73.1)

 Female 27,414 (27.7) 19,982 (32.2) 672 (14.6) 406 (26.9)

Comorbid psychiatric disordersa, n (%)
 Overall 10,819 (10.9) 10,439 (16.8) 424 (9.2) 353 (23.4)

 Major depressive 2466 (2.5) 5236 (8.4) 96 (2.1) 220 (14.6)

 Anxiety 4844 (4.9) 4647 (7.5) 127 (2.8) 106 (7.0)

 Learning disorder 1989 (2.0) 809 (1.3) 181 (3.9) 66 (4.4)

 Oppositional behavior 2853 (2.9) 1815 (2.9) 30 (0.7) 10 (0.7)

 Substance related disorders 32 (0.03) 305 (0.5) 10 (0.2) 4 (0.3)

Other ADHD medication users before OROS‑MPHb, n (%)
 Overall 45,558 (46.0) 24,398 (39.4) 786 (17.1) 320 (21.2)

 Psychostimulants:

  Overall 40,248 (40.7) 21,591 (34.8) 23 (0.5) 5 (0.3)

  Other generic MPH 23,566 (23.8) 12,915 (20.8) 24 (0.5) 5 (0.3)

  Amphetamine 11,775 (11.9) 5385 (8.7) 0 0

  Other  psychostimulantsc 10,660 (10.8) 5581 (9.0) 0 0

 Non-psychostimulants:

  Overall 11,815 (11.9) 5922 (9.6) 766 (16.7) 317 (21.0)

  Atomoxetine 5978 (6.0) 3040 (4.9) 637 (13.9) 282 (18.7)

  Guanfacine 3320 (3.4) 1678 (2.7) 185 (4.0) 51 (3.4)

  Clonidine 3426 (3.5) 1613 (2.6) 0 0

  Other non-psychostimulantsd 0 0 1 (0.02) 9 (0.6)
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Table 2 OROS-MPH dose and consumption of OROS-MPH users with ADHD in the US and Japanese cohort, by age groups

United States Japan

Child group (n = 98,973) Adolescent group 
(n = 62,002)

Child group (n = 4595) Adolescent group 
(n = 1508)

Therapy on OROS‑MPH index date, n (%)

 Monotherapy 95,755 (96.7) 60,029 (96.8) 4235 (92.2) 1358 (90.1)

 Combination  therapya 3218 (3.3) 1973 (3.2) 360 (7.8) 150 (9.9)

Initial daily dose, mg/day

 Median initial dose (IQR) 18 (18–36) 36 (18–45) 18 (18–18) 18 (18–18)

 18, n (%) 51,985 (52.5) 18,030 (29.1) 4223 (91.9) 1174 (77.9)

 27, n (%) 15,784 (15.9) 8577 (13.8) 79 (1.7) 84 (5.6)

 36, n (%) 18,869 (19.1) 19,227 (31.0) 84 (1.8) 86 (5.7)

 45, n (%) 1157 (1.2) 1006 (1.6) 167(3.6) 100 (6.6)

 54, n (%) 8262 (8.3) 11,918 (19.2) 7 (0.2) 7 (0.5)

  > 54, n (%) 2916 (2.9) 3244 (5.2) 35 (0.8) 57 (3.8)

Maintenance daily doseb, mg/day

 N (%) 75,201 (76.0) 41,937 (67.6) 3433 (74.7) 961 (63.7)

 Median maintenance dose (IQR) 36 (18–36) 36 (27–54) 18 (18–27) 27 (18–27)

 18, n (%) 19,193 (25.5) 5721 (13.6) 2053 (59.8) 404 (42.0)

 27, n (%) 16,138 (21.5) 6132 (14.6) 1013 (29.5) 367 (38.2)

 36, n (%) 24,397 (32.4) 17,150 (40.9) 221 (6.4) 107 (11.1)

 45, n (%) 591 (0.8) 350 (0.8) 84 (2.4) 67 (7.0)

 54, n (%) 12,646 (16.8) 11,900 (28.4) 47 (1.4) 13 (1.4)

  > 54, n (%) 2236 (3.0) 684 (1.6) 15 (0.4) 3 (0.3)

Maximum daily dose, mg/day

 Median maximum dose (IQR) 36 (27–54) 36 (36–54) 27 (18–36) 27 (18–45)

 18, n (%) 20,621 (20.8) 7522 (12.1) 2013 (43.8) 470 (31.2)

 27, n (%) 17,548 (17.7) 7209 (11.6) 1278 (27.8) 403 (26.7)

 36, n (%) 27,284 (27.6) 18,776 (30.3) 321 (7.0) 181 (12.0)

 45, n (%) 1499 (1.5) 623 (1.0) 702 (15.3) 224 (14.9)

 54, n (%) 24,319 (24.6) 20,377 (32.9) 70 (1.5) 55 (3.6)

  > 54, n (%) 7702 (7.8) 7495 (12.1) 211 (4.6) 175 (11.6)

Average daily dose, mg/day

 Median average daily dose (IQR) 30 (21–38) 36 (27–48) 20 (18–26) 24 (18–32)

  < 19, n (%) 21,152 (21.4) 7610 (12.3) 2146 (46.7) 497 (33.0)

 19–27, n (%) 25,159 (25.4) 9897 (16.0) 1712 (37.3) 524 (34.7

 28–36, n (%) 26,181 (26.5) 19,014 (30.7) 506 (11.0) 253 (16.8)

 37–45, n (%) 12,011 (12.1) 8526 (13.8) 145 (3.2) 128 (8.5)

 46–54, n (%) 10,994 (11.1) 12,965 (20.9) 47 (1.0) 58 (3.8)

  > 54, n (%) 3476 (3.5) 3990 (6.4) 39 (0.8) 48 (3.2)

Duration of the index episode, months

 Median duration (IQR) 9.6 (2.3–21.4) 6.4 (1.8–15.9) 14.7 (2.3–29.8) 9.1 (1.6–20.6)

  < 6 months, n (%) 39,638 (40.0) 30,073 (48.5) 1617 (35.2) 651 (43.2)

 6–12 month, n (%) 14,335 (14.5) 10,398 (16.8) 348 (7.6) 168 (11.1)

  > 12 months, n (%) 45,000 (45.5) 21,531 (34.7) 2630 (57.2) 689 (45.7)

Number of prescriptions within this episode, n (%)

 1 20,006 (20.2) 15,275 (24.6) 830 (18.1) 271 (18.0)

 2–3 16,182 (16.3) 14,273 (23.0) 504 (11.0) 239 (15.8)

 4–9 25,870 (26.1) 18,012 (29.1) 739 (16.1) 333 (22.1)

 10–20 22,289 (22.5) 10,208 (16.5) 1103 (24.0) 344 (22.8)

  > 20 14,626 (14.8) 4234 (6.8) 1419 (30.9) 321 (21.3)

ADHD Attention deficit hyperactivity disorder, OROS-MPH Osmotic release oral system methylphenidate, IQR Inter-quartile range, Child group: 6 to < 13 years; 
adolescent group: 13 to < 18 years
a combination therapy was defined as prescribing other ADHD medication(s) along with OROS-MPH
b a daily dose level that was continuously used for the longest time and for at least 60 days
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had a dose decrease. At each dose level, titration pat-
terns were similar to the US child group, with upward 
titration predominating in patients receiving ≤36 mg/
day and downward titration predominating in patients 
taking higher doses.

Japanese child group
In the Japanese child group (Fig.  2c & Supplemen-
tary Table  3), 1640 patients underwent dose titration, 
of whom 92.9% increased their initial dose and 7.1% 
decreased their initial dose. In this population, 88.2% 
(1447/1640) initiated OROS-MPH at 18 mg/day, among 
which 78.7% (1139/1447) increased to 27 mg/day as 
their second dose level, and, of note, 18.9% (274/1447) 
directly jumped to 45 mg/day. At the second dose level, 
59.5% (976/1640) of this population further titrated to a 
third dose level, of whom 35.3% had a dose increase and 
64.7% had a dose decrease. Downward titrations were 
commonly 27➔18 mg/day and 45➔18 or 27 mg/day and 
upward titrations were commonly 27➔36 or 45 mg/day. 
At the third dose level, 65.6% (640/976) of patients fur-
ther titrated to a fourth dose level, of whom 71.7% had 
a dose increase and 28.3% had a dose decrease. Patients 
whose third dose level was 18 mg/day tended to further 
increase to 27 or 45 mg/day, and those whose third dose 
level was 27 or 36 mg/day titrated in either direction.

Japanese adolescent group
In the Japanese adolescent group (Fig. 2d & Supplemen-
tary Table  4), 578 patients underwent dose titration, of 
whom 87.7% increased initial dose and 12.3% decreased 
initial dose. In this population, 79.1% (457/578) initiated 

OROS-MPH at 18 mg/day, among which 82.3% (376/457) 
increased to 27 mg/day. At the second dose level, 58.1% 
(336/578) of patients further titrated to a third dose level, 
of whom 49.4% had a dose increase and 50.6% had a dose 
decrease. And at the third dose level, 61.3% (206/336) of 
patients had further dose titration, of whom 62.1% had a 
dose increase and 37.9% had a dose decrease. Among the 
patients at a second or third dose level of 27 or 36 mg/day, 
a similar proportion of patients further titrated upwards 
or downwards. Patients at a dose level of ≥45 mg/day 
were more likely to reduce the daily dose than increase it.

Sensitivity analyses
In the US cohort, 75,407 children and 49,087 adolescents 
were MPH-naïve, among which 57.8% of children and 
32.9% of adolescents initiated OROS-MPH from the low-
est dose (18 mg/day). However, among the patients who 
were not MPH-native, only 35.7% of children and 19.3% 
of adolescents initiated OROS-MPH from 18 mg/day. 
On the other hand, among MPH-naive patients, 31.7% 
of children and 19.4% of adolescents underwent OROS-
MPH dose titration, and their titration pathways were 
similar to the original populations. Sankey diagrams for 
sensitivity analyses of MPH-naive children and adoles-
cents in the US cohort were shown in Supplementary 
Fig. 1a &1b (Additional file 1) respectively, derived from 
data in Supplementary Table 5 & 6 (Additional file 1).

Discussion
This retrospective cohort study described OROS-MPH 
treatment and titration patterns among child and ado-
lescent populations with ADHD in the US and Japan 

Table 3 Numbers of OROS-MPH dose titration and the corresponding index episode duration, by age groups

OROS-MPH Osmotic release oral system methylphenidate, IQR Inter-quartile range, Child group: 6 to < 13 years, adolescent group: 13 to < 18 years

United States Japan

Child group (n = 98,973) Adolescent group 
(n = 62,002)

Child group (n = 4595) Adolescent 
group 
(n = 1508)

Number of dose titration, n (%)
 0 68,736 (69.4) 50,637 (81.7) 2955 (64.3) 930 (61.7)

  ≥ 1 30,237 (30.6) 11,365 (18.3) 1640 (35.7) 578 (38.3)

   1 13,589 (13.7) 6045 (9.7) 664 (14.5) 242 (16.0)

   2 7294 (7.4) 2667 (4.3) 336 (7.3) 130 (8.6)

    ≥ 3 9354 (9.5) 2653 (4.3) 640 (13.9) 206 (13.7)

Median duration of the index episode, months (IQR)
 Patients with 0 dose titration 5.4 (1.0–15.0) 4.8 (1.0–13.4) 7.5 (1.0–21.0) 3.0 (1.0–13.9)

 Patients with 1 dose titration 16.4 (8.5–27.3) 13.0 (6.2–21.9) 20.2 (8.8–34.8) 15.3 (5.4–25.5)

 Patients with 2 dose titrations 20.6 (12.4–33.2) 16.2 (9.3–26.3) 26.2 (14.0–45.4) 15.7 (7.8–23.4)

 Patients with ≥3 dose titrations 28.7 (16.9–46.3) 23.0 (14.0–34.4) 34.2 (18.9–54.5) 23.1 (14.1–37.3)
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covering study periods of 20 and 12 years respectively. 
Overall, 160,975 individuals in the US cohort and 6103 
individuals in Japanese cohort were included.

Although the US and Japanese cohorts were similar 
in terms of age and gender, patients’ ADHD medica-
tion experiences prior to commencing OROS-MPH 
were markedly different, reflecting drug availability in 
each country. In the US, generic MPH had been widely 
used before OROS-MPH availability, however, no psy-
chostimulants were approved for ADHD indications in 
Japan until the approval of OROS-MPH in 2007 [27, 33]. 
Baseline MPH use affects OROS-MPH initial dose. Drug 
switching from IR to ER MPH (including OROS-MPH) 
were observed among prevalent MPH users [34]. The 
approved labels for OROS-MPH [29, 30] in both coun-
tries recommend that patients already receiving MPH 
initiate OROS-MPH based on current dose regimen 
and clinical judgment. A study of 6–18 years old patients 
who switched from IR to OROS-MPH [35] reported that 
higher than equivalent doses of OROS-MPH might be 
needed for successful drug switching. This is consistent 
with our observation of a higher starting OROS-MPH 

dose in children and adolescents who had previous MPH 
exposure versus MPH-naïve patients.

Over 90% of patients in our study initiated OROS-MPH 
as monotherapy, especially for the US cohort in which the 
proportion of monotherapy was as high as 97%, which is 
in line with recommendations from major ADHD clinical 
guidelines [16, 18]. In the Japanese cohort, the percentage 
of patients receiving combination therapy was 8–10%, and 
nearly 100% (508/510) of these patients received concomi-
tant non-psychostimulants. Combination of psychostimu-
lant and non-psychostimulant might be considered to 
improve effectiveness of single psychostimulant therapy or 
when psychostimulant use was limited by side effects [18], 
however, published evidence was still limited [36].

We observed difference in the treatment patterns 
employed in the US and Japanese cohorts. In this study, 
US children and adolescents generally received higher 
average daily doses of OROS-MPH than the equivalent 
age groups in Japan. Contributing factors could include 
previous MPH exposure amongst US patients for which 
higher OROS-MPH doses are recommended [35, 37]; a 
higher level of clinical experience using MPH amongst 

Fig. 2 Sankey diagrams of OROS-MPH dose titration patterns among ADHD patients with at least one titration: a Child OROS-MPH users in the 
US cohort (N = 30,237); b Adolescent OROS-MPH users in the US cohort (N = 11,365); c Child OROS-MPH users in the Japanese cohort (N = 1640); 
d Adolescent OROS-MPH users in the Japanese cohort (N = 578). ‘1_18’ refers to patients whose initial OROS-MPH daily dose level was 18 mg/day, 
‘2_27’ refers to patients whose second OROS-MPH daily dose level was 27 mg/day, and so on
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US clinicians versus Japanese clinicians [37]; or higher 
body weights in US versus Japanese children and ado-
lescents [38, 39]. Body weight is one of the determinants 
of drug dose [28] and higher body weight has been asso-
ciated with better tolerability of high MPH doses [40]. 
Additionally, MPH had been regulated by a third-party 
committee in Japan since 2008, which could lead to 
stricter dose control of OROS-MPH in Japan [27, 33].

In our study populations, the maximum daily dose in 
the US cohort was higher than the Japanese cohort. Rec-
ommended maximum dose of OROS-MPH was derived 
from clinical trials, but has not been fully justified [41]. The 
US drug label [29] recommends an upper limit of 54 mg/
day OROS-MPH for children and 72 mg/day for adoles-
cents, while the Japanese label [30] recommends 54 mg/
day as the upper limit for both children and adolescents. In 
our study, we observed that the approved maximum dose 
was exceeded by 4.6% of children and by 11.6% of adoles-
cents in the Japanese cohort. And in another study using 
the same Japanese database [27], the maximum dose was 
exceeded by 11.6% of patients aged 6–65 years. These find-
ings indicated that overdose of OROS-MPH was not rare 
and there might be a positive association between age and 
overdose. Some authors have questioned the appropriate-
ness of setting upper does limits, arguing that a small group 
of patients may benefit from higher-than-approved doses 
without serious adverse consequences [41].

According to the prescription information, the major-
ity (> 60%) of patients in this study received OROS-MPH 
only at an initial dose level. In the Japanese cohort, the 
proportions of patients didn’t undergo titration were simi-
lar in children and adolescents, whereas, in the US cohort, 
more adolescents didn’t undergo dose titration than 
children. Among these patients without dose titration, 
approximately 30% had only one OROS-MPH prescrip-
tion. ADHD patients who failed to file a second medica-
tion prescription could be defined as early cessation of 
therapy indicating intolerable side-effects [42, 43]. On the 
other hand, the other 70% of patients without dose titra-
tion had two or more prescriptions at the initial dose level, 
which might indicate acceptable treatment response at 
this dose level without requiring dose adjustments.

OROS-MPH titration patterns were different between 
the US and Japanese cohorts in real-world settings. 
Compared with patients in the US cohort, Japanese 
patients had more numbers of dose titration, with 14% 
of Japanese children and adolescents having at least 
three titrations, versus 9.5% of children and 4.3% of 
adolescents in the US cohort. Most Japanese patients 
initiated OROS-MPH at the lowest dose (18 mg/day), 
whereas US children had a broader distribution of ini-
tial doses (18, 27, 36 and 54 mg/day). From the initial to 
the second dose level, patients in both countries tended 

to titrate upwards. Form the second to the third dose 
level, however, different titration trends were observed. 
US patients at a second dose level of 27 or 36 mg/day 
tended to continue increasing their dose, whereas a half 
of Japanese patients at a second dose level of 27 mg/day 
decreased their dose back to 18 mg/day. US patients 
most often maintained OROS-MPH at 36 mg/day, versus 
18 mg/day for Japanese patients. Results from the sensi-
tivity analyses indicated that prior generic MPH expe-
rience didn’t influence OROS-MPH titration patterns, 
although it could affect the initial OROS-MPH dose.

In this study, dose titrations were usually made in incre-
ments of 9 or 18 mg, which was consistent with the drug 
labels [29, 30]. However, among Japanese children who 
initiated OROS-MPH from 18 mg/day and underwent 
titration, 18.9% directly jumped to 45 mg/day as their sec-
ond dose level, which went against the label. Although we 
had no definite explanation for this result, we found that 
long-term OROS-MPH users (i.e., patients who initiated 
OROS-MPH in childhood and continuously used it into 
their adolescence) among this population accounted for a 
larger proportion than among other populations, and the 
high daily dose often occurred during their adolescence. 
This suggested that long-term use of OROS-MPH might 
be associated with higher dose level.

So far as we know, this is the first real-world study 
describing detailed titration patterns of OROS-MPH. 
Strengths of the study include the use of two large claims 
databases in countries with different experience using 
MPH, diverse ethnic and cultural characteristics, different 
healthcare structures that make our findings generalisable 
to Western and Eastern countries; and an extended study 
period covering 20 years for the US cohort and 12 years 
for the Japanese cohort, allowing capture of OROS-MPH 
patterns of use since drug approval in each country. The 
findings of this study can be used to support clinical deci-
sion making and particularly of great reference for devel-
oping countries with a large number of ADHD patients 
but insufficient experience in OROS-MPH use.

Potential study limitations are that the claims databases 
only include reported and billed insurance records, and 
the data may be subject to potential coding mistakes and 
inaccuracies, hence the findings may not be completely 
representative of the entire population of patients with 
ADHD in these countries. The claims databases captured 
prescription information, not whether the medication 
was taken as prescribed and the actual titration patterns 
may not be fully reflected by drug prescriptions [31]. In 
the US and Japan, OROS-MPH was approved at differ-
ent times and in different ADHD treatment conditions, 
and these differences should be considered in the com-
parisons of the results between two countries. Finally, 
the claims databases are designed for reimbursement 
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purposes and do no capture effectiveness endpoints 
(such as ADHD rating scores) and safety endpoints (such 
as adverse events), therefore the underlying reasons of 
dose adjustment could not be confirmed.

Conclusions
In conclusion, our study described real-world OROS-
MPH treatment patterns in patients with ADHD in the 
US and Japan. While we observed some differences in 
drug use and dose titration patterns in the two countries, 
the majority of patients were treated according to recom-
mendations provided in the product labels, suggesting 
that these recommendations are relevant in real world 
clinical practice. Additional real-world studies could 
provide information about clinical reasoning underlying 
dose selection and titration patterns, and would provide 
useful information to support clinical decisions.
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