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Abstract

Objectives: The purpose of this study was to identify the optimal dose of osmotic release oral system methylphenidate

(OROS-MPH) using a dosage forced-titration scheme to achieve symptomatic remission in children with attention- deficit/

hyperactivity disorder (ADHD). We also evaluated the efficacy and safety of, and patient and parent satisfaction with, the

change in therapy from immediate-release methylphenidate (IR-MPH) to OROS-MPH over 10 weeks.

Method: We recruited 521 children and adolescents aged 6–18 years with an American Psychiatric Association, Diagnostic and

Statistical Manual of Mental Disorders, 4th ed. (DSM-IV) diagnosis of ADHD, who had received IR-MPH treatments ( < 70 mg/

day) for at least 1 month. The treatment, switched from IR-MPH to OROS-MPH according to a conversion scheme, started with a

6-week forced-titration phase of OROS-MPH to achieve symptomatic remission (defined as a score of 0 or 1 for each of the first

18 ADHD items in the Chinese version of the Swanson, Nolan, and Pelham, Version IV [SNAP-IV]), followed by a 4-week

maintenance phase. The global ADHD severity and drug side effects of the participants were evaluated. Parents completed the

ratings scales for the ADHD-related symptoms. Patient and parent satisfaction for the OROS-MPH treatment was also assessed.

Results: Among the 439 participants with ADHD who completed the trial, 290 participants (66.1%) achieved symptomatic

remission. The mean dose of OROS-MPH among participants in remission was 36.7 mg (1.08 mg/kg) per day. Increased

efficacy, superior satisfaction, and safety equivalent to that of IR-MPH were demonstrated in intra-individual comparisons

from the baseline to the end of study. Determinants for remission included less severe ADHD symptoms (SNAP-IV score

< 40), no family history of ADHD, and an appropriate dosage of medication according to the patient’s weight.

Conclusions: The findings suggest remission as a treatment goal for ADHD therapy by providing an optimal dosage of

medication for children and adolescents with ADHD through using an effective and tolerable forced-titration scheme.

Introduction

Attention-deficit/hyperactivity disorder (ADHD), char-

acterized by inattention, hyperactivity, and impulsivity, sig-

nificantly affects children’s behavior and performance at school

and home (American Academy of Pediatrics 2000), and also dis-

rupts their relationships with family, teachers, and peers in the

absence of appropriate management (Mannuzza et al. 1997). Long-

term studies following pediatric patients with ADHD into adoles-

cence and adulthood have shown its long-term impacts on their
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academic achievement, social functioning, self-esteem, occupa-

tional function, and employment stability (Weiss et al. 1985;

Barkley et al. 1990). The long-term outcomes are problematic

(Satterfield and Schell 1997; Barkley et al. 2006) and often com-

plicated by comorbid conditions (Biederman et al. 1995; Fischer

et al. 2002). Some ADHD patients do reach symptomatic remission

(15–33% with few or no symptoms) (Weiss et al. 1985; Barkley

et al. 1990; Biederman et al. 1996) or functional remission (20%) in

long-term follow-up studies (Biederman et al. 1998). Therefore, the

major goals of therapy are not only to improve the symptoms but

also to restore optimal functionality in the emotional, behavioral,

academic, and social realms (Steele et al. 2006a).

Historically, ‘‘response to treatment’’ was used as the target or

primary outcome of effectiveness in the treatment of psychiatric

disorders, including ADHD (Swanson et al. 2001; Hechtman et al.

2004; Remschmidt 2005). The majority of studies on ADHD in-

dicate that > 50% of patients responded to various medical treat-

ments at clinically effective doses (American Academy of

Pediatrics 2001; Pelham et al. 2001; Kutcher et al. 2004). Central

nervous system (CNS) stimulants, in particular, have a very high

response rate in the treatment of ADHD (Wilens and Spencer 2000;

Gau et al. 2006, 2007). A 25–30% reduction in total symptom

scores was observed using rating scales, or a ‘‘mild to moderate

improvement’’ was observed using clinical global rating (Spencer

et al. 2001). Some studies have suggested different definitions or

criteria for response by using different rating scales (Conners 1997;

Stein et al. 2003; Kelsey et al. 2004; Steele et al. 2006). Because the

severity of the baseline illness is not considered, a significant

number of ‘‘responders’’ may still continuously have prominent

symptoms and have functional impairment (Spencer et al. 2001;

Kemner et al. 2005). Therefore, the concept of response and re-

mission was first introduced for the treatment of major depressive

disorder (MDD) in the early 1990s (Frank et al. 1991; Kupfer

1991). Remission is clearly defined as an asymptomatic state, and at

least a 50% reduction in symptoms as defined using a standard

rating scale, or with the clinical global impression that the patient is

minimally or not at all ill (Kemner et al. 2005; Wigal et al. 2005).

The consensus guidelines for MDD from Europe, Canada, and the

United States recommend that the goal of therapy should include

the remission of symptoms and a return to the premorbid level of

social and occupational function (Anderson et al. 2000; Canadian

Psychiatric Association Network for Mood and Anxiety Treat-

ments 2001; Lam and Kennedy 2004). This approach has also

gained acceptance in the treatment of bipolar disorder, anxiety

disorder, and schizophrenia, with only slight variation of the con-

sensus guidelines (Andreasen et al. 2005). The goal for the treat-

ment of ADHD should also be upgraded. That the goal of the

standard treatment should be to achieve remission rather than only

response has been strongly emphasized (Steele et al. 2006a;

Ramos-Quiroga and Casas 2011), as ADHD patients in remission

will have an improved chance of attaining functional recovery and

wellness (Canadian Psychiatric Association Network for Mood and

Anxiety Treatments 2001; Andreasen et al. 2005). Therefore, it is

proposed that clinical research in ADHD should use ‘‘remission’’

as the primary outcome (Steele et al. 2006a).

Over the past few years, a number of different definitions of

remission in ADHD have been used in clinical trials. The various

definitions of ADHD remission share a standardized symptom scale

with a defined cutoff score indicating that the patient has lost di-

agnostic status, the symptoms have decreased to the level of min-

imal or no symptoms, as well as that the patient is functioning

optimally or with minimal, if any, impairment in function (Swan-

son et al. 2001; Steele et al. 2006a; Gau et al. 2008a). Therefore,

there are two aspects of remission: A symptomatic remission and a

functional remission. The most commonly used scales for ADHD

are the Swanson, Nolan and Pelham–Fourth Edition scale

(SNAP-IV) (Swan 1995), the ADHD Rating Scale, Version-IV

(ADHD-RS-IV) (Stein et al. 2003), the Clinical Global Impressions –

ADHD-Improvement scale (CGI-ADHD-I), and the Clinical Glo-

bal Impressions – ADHD-Severity scale (CGI-ADHD-S) to assess

the response to treatment or remission (Stein et al. 2003; Kelsey

et al. 2004). Remission is defined as a mean total score of £ 1 on

most of the standardized rating scales as mentioned previously in

symptom aspect, and/or £ 2 on the CGI-ADHD-S scale to indicate

not at all ill or borderline existence of ADHD symptoms (Stein et al.

2003; Swanson et al. 2003 ; Kelsey et al. 2001; Kemner et al. 2005;

Wigal et al. 2005; Steele et al. 2006a). Some studies use total score

of £ 18 on the ADHD-RS-IV as the definition of remission (Stein

et al. 2003; Dickson et al. 2011). These definitions set realistic goals

for achieving specific end points and guide the clinician toward

maximizing the outcome of the treatment.

Patients can become virtually asymptomatic and even achieve

remission of ADHD with appropriate management (Swanson et al.

2001; Kelsey et al. 2004). Failure to achieve remission is associated

with a significant impact on the patient’s psychosocial functioning,

and an increase in the risk of relapse and a chronic course (Sat-

terfield and Schell 1997; Biederman et al. 1998). Management of

ADHD should consider those medication strategies that have been

demonstrated to increase the probability of reaching remission

(Steele et al. 2006b; Gau et al. 2008a; Chou et al. 2009). Methyl-

phenidate is the best-studied stimulant for ADHD, and a number of

studies demonstrate that the remission rates range from 21–56% in

ADHD patients treated with immediate-release methylphenidate

(IR-MPH) (Greenhill et al. 2006; Swanson et al. 2001), to 44–62%

in ADHD children and adolescents treated with osmotic release

oral system methylphenidate (OROS-MPH) (Swan 1995; Swanson

et al. 2004; Steele et al. 2006b; Gau et al. 2008a). There is no report

concerning the remission of amphetamine in patients with ADHD

so far in spite of amphetamine having been used in treatment of

ADHD for years. Among children and adolescents with ADHD

who are treated with atomoxetine, 27–30% of them achieve re-

mission between weeks 4 and 8 (Michelson et al. 2002; Kelsey

et al. 2004; Dickson et al. 2011), and the remission rate has been

observed to gradually increase up to 59% at week 12 (Dickson et al.

2011).

The prevalence of ADHD in Taiwan had been reported to be

*9.9% among primary school children, with a 3 to 1 predominance

in the boys (Wang et al 1993). Similar to the results in Western

countries, the efficacy and safety of IR-MPH and OROS-MPH have

been established in two clinical trials conducted in ethnic Chinese

ADHD populations (Yang et al 2004; Gau et al 2006). In addition,

after switching to OROS-MPH from IR-MPH, the improvement in

remission rates of ADHD, behaviors, and school performance

through improving patients’ drug adherence have been demon-

strated in two multisite studies conducted among Chinese ADHD

populations in Taiwan (Gau et al, 2008a; Chou et al, 2009).

Although many studies provide strong evidence that children

and adolescents with ADHD are good responders to MPH, > 30%

of them are poor responders or are unable to reach remission under

treatment with either IR-MPH or OROS-MPH (Swanson et al.

2001; Mohammadi and Akhondzadeh 2007). Several factors have

been suggested as influencing the rate of achieving remission, in-

cluding subtype of ADHD, existence of psychiatric comorbidities,

adherence to medication, behavioral intervention, and kinds or
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dosages of medications (Steele et al. 2006b; Ramos-Quiroga and

Casas 2011). That remission rates for ADHD symptoms increase

with higher doses of OROS-MPH has been demonstrated (Stein

et al. 2003; Newcorn et al. 2010). The significant relationship be-

tween higher doses of medication and improved rates of remission

suggests that the treatment of ADHD should include strategies to

identify an optimal or adequate dosage to maximize the benefit of

treatment (Steele et al. 2006b).

In order to achieve the treatment goal of remission via a dosage

forced-titration scheme, we conducted an open-label prospective

observation study that included a large sample size from multiple

sites. The aims of this study were 1) to investigate the ADHD

remission rate in clinical settings based on standardized criteria of

remission with OROS-MPH while employing an intensive dosage

forced-titration scheme; 2) to assess the optimal dosage to achieve

remission, efficacy, safety profiles, and patient and parent satis-

faction for OROS-MPH treatment; and 3) to identify factors con-

tributing to the remission of ADHD symptoms.

Method

Study design and participants

This 10-week noncomparative observational study was con-

ducted at the outpatient clinics of six hospitals in northern, central,

and southern Taiwan by 20 experienced board-certificated child

psychiatrists, and was approved by each site’s institutional review

board in accordance with the ethical principles outlined in the

Declaration of Helsinki and good clinical practice. It was designed

to identify patients with ADHD who were currently being treated

with IR-MPH b.i.d. or t.i.d. and were switching to OROS-MPH

under consideration of adherence, and to investigate the final

dosage of OROS-MPH to achieve remission for participants. It

began in September 2006 and was completed in June 2007.

Inclusion criteria were: Age 6–19 years; clinical diagnosis of

ADHD based on the relevant American Psychiatric Association,

Diagnostic and Statistical Manual of Mental Disorders, 4th ed.

(DSM-IV) diagnostic criteria and standardized clinical assess-

ments, as determined by experienced board-certificated child psy-

chiatrists; treatment with IR-MPH (< 70 mg/day) for at least

1 month; IR-MPH treatment during the preceding month without

severe adverse events or possible contraindications; and, with

participants’/parents’ written informed consent. Exclusion criteria

were: Any systematic disease or clinically significant gastrointes-

tinal problem; and, comorbid psychiatric disorders, except for

conduct disorder and oppositional defiant disorder (ODD).

Study procedure

The study consisted of a 6-week forced-titration phase of OROS-

MPH to achieve remission, and a 4-week maintenance period. In

the first baseline visit, the participants and parents were interviewed

by the investigators to obtain information with respect to demo-

graphics, clinical MPH treatment, and family history related to

ADHD. Without a washout period, the participants were immedi-

ately switched to OROS-MPH once daily in the early morning

according to their IR-MPH dosage, under consideration of adher-

ence. Participants receiving an IR-MPH dosage < 15 mg, between

15 and 30 mg, and > 30 mg per day were converted to 18, 36, and

54 mg once daily OROS-MPH, respectively (Swanson et al. 2004).

Dosage adjustment was conducted at biweekly intervals (visits 2

and 3). During the 6-week forced-titration phase, the dose for those

participants who did not achieve the criteria for ‘‘remission’’ or

‘‘optimal response’’ (Kupfer 1991; Kemner et al. 2005; Findling

et al. 2008) was increased to the next dose level (36 mg/day, then

54 mg/day). The maximum dose of OROS-MPH per day was

54 mg, as this was the maximal daily dose approved in Taiwan. The

dose was decreased if clinically intolerable adverse events

emerged. The final titration dose of OROS-MPH at week 6 was

maintained for the subsequent 4 weeks until the last monthly visit to

the clinic (visits 4 to 5).

The investigators completed the CGI-ADHD-I and the CGI-

ADHD-S scales. Meanwhile, parents/caregivers completed the Chi-

nese version of the SNAP-IV scale and the Barkley Side Effect Rating

Scale (Barkley SERS) at each visit. The participants’ and parents’

satisfaction with the OROS-MPH treatment were also assessed.

Measures

Dosage record and adherence measurement. The dosage

information was recorded on a case-report-form (CRF) for the ti-

tration pattern and the maintenance dose. It included the start and

stop dates of treatment and any reasons for the premature discon-

tinuation of the drug and/or nonadherence. Drug adherence was

assessed by investigators based on the reports of participants and

their parents, and pill counting at each visit. The number of re-

maining doses for each treatment was entered in the adherence

section of the CRF. Poor adherence was defined as missing one or

more doses on a school day on two or more days per week.

Efficacy assessments. The key instrument used to deter-

mine the effectiveness outcome was the Chinese version of SNAP-

IV that consisted of 18 ADHD items and 8 ODD items. Each item

was scored for severity on a four-point Likert scale (0–3: 0 = not at

all to 3 = very much) (Swan 1995; Gau et al. 2008b).

Definition of symptomatic remission. Symptomatic remis-

sion was defined as a score of 0 or 1 on each of the first 18 ADHD

items on the SNAP-IV scale; and was equated to a low symptom

severity (not at all or just a slightly ill, referred to as SNAP-IV-18)

(Swan 1995; Swanson et al. 2004; Steele et al. 2006a; Gau et al.

2008a).

Physician-rated CGI-ADHD-S. A single-item rating based

on the experience of the psychiatrists for the severity in ADHD

symptoms and is rated on a seven-point scale (1–7: 1 = not ill to

7 = extremely severe). Lower scores indicate a reduced severity of

ADHD (Stein et al. 2003; Kelsey et al. 2004; Gau et al. 2008a).

Physician-rated CGI-ADHD-I. A single-item rating based on

the impression of the psychiatrists for the improvement in ADHD

symptoms is rated on a seven-point scale (1–7, 1 = very much improved

to 7 = very much worse) (Kelsey et al. 2004; Gau et al. 2008a).

Patient and parent report of satisfaction with ADHD
treatment. Treatment was rated based on the patients’ and par-

ents’ reports regarding their satisfaction with the medication on a

five-point scale (1–5: 1 = completely dissatisfied, to 5 = completely

satisfied).

Safety assessment. Safety assessments consisted of moni-

toring and recording all side effects, adverse events, vital signs,

physical examination findings, and body weight. All parents

completed the Barkley SERS that consisted of 17 items, rated from

0 (absent) to 9 (serious), to measure the side effects. An adverse
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event was any undesirable sign, symptom, or medical condition

occurring after starting the therapy and was reported by investi-

gators. Medical conditions/diseases present before the treatment

was started were only considered as adverse events if they wors-

ened during the treatment.

Statistical analysis

The data from all hospitals that participated in this protocol were

combined. All data from the intent-to-treat (ITT) patients who re-

ceived the medication were considered eligible for analysis. Data

were summarized with respect to the demographic and baseline

characteristics, efficacy, and safety observations and measure-

ments. Descriptive statistics were performed to identify the optimal

dosage of OROS-MPH for the different strata of the patients’

weight at the end of the treatment. The effectiveness of OROS-

MPH therapy in this patient population by last observation carried

forward (LOCF) was explored using the Chinese version of SNAP-

IV, CGI-ADHD-S, CGI-ADHD-I, and the global assessment of

satisfaction. Analyses are presented as summary statistics and 95%

confidence intervals (CI) for all participants and subgroups. The

Mantel–Haenszel v2 test was used to analyze the category data.

Paired t test was used to test the intra-individual comparison from

the baseline to each visit within the same participants. The as-

sessment of safety was mainly based on the frequency of adverse

events and the Barkley SERS. The pre-selected a level was set at

p < 0.05.

Results

Sample description

Of the 521 children and adolescents with ADHD recruited into

the first phase, 439 (86.6%) participants completed the 10-week

trial. The study cohort and the reasons for the withdrawals are

summarized in the patient flow diagram (Fig. 1). For the 521 par-

ticipants with ADHD, the mean age was 10.4 years, ranging from 7

to 17 years, with a significant predominantly male versus female

ratio of 8:1 . The distributions of the ADHD combined type, inat-

tentive type, and hyperactive/impulsivetype, were 65.6%, 31.3%,

and 3.1% respectively. Forty-two (8.1%) participants had a co-

morbid illness. Prior to participation in the trial, the mean dose of

IR-MPH had been 21.5 mg/day, ranging from 5 to 65 mg/day. The

mean duration of IR-MPH treatment was 8.7 months. Eighty-two

(15.7%) participants withdrew from the study throughout the 10-

week study period. All the other 439 participants and their parents/

guardians completed each of the six assessments without any

missing data. The reasons for withdrawal over the 10–week study

period included consent withdrawal (5%), lost to follow–up (3.3%),

adverse reactions from OROS-MPH (5%), and unsatisfactory

therapeutic effects of OROS-MPH (2.1%). To compare the dif-

ferences between the completion and withdrawal groups, the

withdrawal from the study was found to be significantly related to

younger age, lower body weight and height, lower IR-MPH dosage

prior to participating in the trial, and poor adherence with study

medication (Table 1).

Remission rate and mean daily dosage of OROS-MPH

At the baseline, > 50% of the participants with ADHD receiving

IR-MPH were underdosed based on the observation of their lacking

clinical response, and the symptomatic remission rate of IR-MPH

was only 4.8%, according to the definition of the study (score £ 1

on each item of the first 18 items of SNAP-IV). Using the forced-

titration of OROS-MPH dosage to increase the dosage during the

first 6 weeks, the remission rate significantly increased with time

from 4.8% (at baseline), 25% (week 2), 44.2% (week 4), 58.8%

(week 6), up to 59.6% (week 10) among 507 ITT participants.

Among 439 participants who completed the 10-week follow-up

assessments, 290 (66.1%) achieved symptomatic remission (95%

CI, 61.6–70.5%). The mean total daily dose of OROS-MPH (mean

FIG. 1. Overview of patient flow diagram. AEs = adverse events; ADHD = attention-deficit/hyperactivity disorder; IR-MPH =
immediate-release methylphenidate.
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daily weight-dose per visit) was increased from 22.2 mg (0.69 mg/kg,

visit 1), 24.4 mg (0.99 mg/kg, visit 2), 34.4 mg (1.07 mg/kg, visit 3),

37.8 mg (1.10 mg/kg, visit 4), to 37.9 mg (1.11 mg/kg, visit 5). In

both the remission and non-remission groups, the mean total daily

dose of OROS-MPH increased significantly ( p < 0.001) by each

visit in comparison with baseline. The non-remission group had

higher mean daily doses than did the remission group from visit 2 to

the end of study. At the end of the study, the mean daily dose of

OROS-MPH reached 36.7 mg, 1.08 mg/kg in the remission group

and 40.3 mg, 1.17 mg/kg in non-remission group ( p = 0.005) (Fig. 2).

Determinants for remission based on the
body-weight dose at the end of the study

From the previous study in Taiwan, the general dose–body

weight conversion scheme of IR-MPH was 0.8–1.2 mg/kg per day

(Gau et al. 2008a). Therefore, we divided the 521 participants into

three subgroups according to the dose–body weight as < 0.8, 0.8 to

< 1.3, and ‡ 1.3 mg/kg. The distribution of the body weight

OROS-MPH doses < 0.8, 0.8 to < 1.3, and ‡ 1.3 mg/kg at the end

of the study was 147 (28.2%), 218 (41.8%), and 156 (30.0%),

respectively. The remission rates at the end of the study in each

dosage group were 52.4% (n = 77), 65.1% (n = 142), and 53.2%

(n = 83) respectively. Table 2 summarizes the odds ratios (OR) and

95% CI for the variables of the OROS-MPH body-weight dose that

were significantly related to the final remission rate (< 0.8 mg/kg

was used as the reference group). The most predictive OROS-MPH

body-weight dose for remission was 0.8 to < 1.3 mg/kg among the

ITT population (OR, 1.70; CI, 1.11–2.60; p = 0.015).

Changes in efficacy and satisfaction

Among the 439 participants who completed the treatment, there

was a significant decrease in the total score and three sub-scores of

Table 1. Demographic and Baseline Characteristics of Study Participants

All enrolled (n = 521) Completion (n = 439) Withdrawal (n = 82)
Characteristics n (%) n (%) n (%) Group differences

Male, n (%) 461 (88.5) 387 (88.2) 74 (90.2) v2 = 0.295
p = 0.586

Age, mean (SD) 10.4 (2.2) 10.5 (2.2) 9.7 (2.2) t = 3.099
p = 0.002*

Weight, mean (SD) 36.8 (13.2) 37.6 (13.6) 32.9 (10.4) t = 2.943
p = 0.003*

Height, mean (SD) 139.4 (14.2) 140.3 (14.3) 134.7 (12.8) t = 3.291
p = 0.001*

Education, n (%)
Kindergarten 3 (0.6) 3 (0.7) 0 (0.0) v2 = 1.964
Elementary 440 (84.5) 365 (83.1) 75 (91.5) p = 0.161
Junior high 72 (13.8) 66 (15.0) 6 (7.3)
Senior high 6 (1.2) 5 (1.1) 1 (1.2)

IR-MPH Dose, mean (SD) 21.5 (10.3) 22.2 (10.60) 18.2 (8.15) t = 3.168
p = 0.001 *

15 mg 173 (33.2) 136 (31.0) 37 (45.1) v2 = 9.379
15 mg–30 mg 209 (40.1) 176 (40.1) 33 (40.2) p = 0.002*
30 mg 139 (26.7) 127 (28.9) 12 (14.6)

Duration (months), mean (SD) 8.7 (13.5) 8.9 (13.9) 7.3 (11.1) t = 0.993
p = 0.321

DSM-IV ADHD subtype
Inattentive 163 (31.3) 141 (32.1) 22 (26.8) v2 = 0.791
Combined 342 (65.6) 13 (3.0) 57 (69.5) p = 0.373
Hyperactive-impulsive 16 (3.1) 285 (64.9) 3 (3.7)

Concomitant drug
Clonidine 3 (0.6) 2 (0.5) 1 (1.2) v2 = 0.703

p = 0.401
Antipsychotics 2 (0.4) 2 (0.5) 0 (0.0) v2 = 0.374

p = 0.540
Cormorbid disorder

ODD 23 (4.4) 17 (3.9) 6 (7.3) v2 = 1.939
p = 0.163

Anxiety disorder 1 (0.2) 1 (0.2) 0 (0.0) v2 = 0.187
p = 0.665

Other disorder 18 (3.5) 18 (4.1) 0 (0.0) v2 = 3.476
p = 0.062

Adherence
Good adherence 511 (98.08) 439 (100.0) 72 (87.8) v2 = 54.447
Poor adherence 10 (1.92) 0 (0.0) 10 (12.2) p = 0.0001 *

SD = standard deviation; ADHD = attention-deficit/hyperactivity disorder; IR-MPH = immediate-release methylphenidate; DSM-IV = American
Psychiatric Association, Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; ODD = oppositional defiant disorder.

Statistic: Mantel–Haenszel v2 for category data and t value for continuous data between completion and withdrawal subjects.
* p < 0.005.
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the Chinese SNAP-IV ( p < 0.001), CGI-ADHD-S ( p < 0.001), and

CGI-ADHD-I ( p < 0.001) as intra-individual comparison from

the baseline to each visit throughout the study period. The intra-

individual comparison of patient and parent global satisfaction to

treatment within the same participants improved significantly from

visit 3 to the end of the study ( p < 0.001)(Fig. 3).

Safety after forced-titration of OROS-MPH

Among the items of the Barkley SERS, poor appetite was the

only one exacerbated on visit 3, but improved on later visits. The

other side effects gradually decreased in intensity throughout

the whole study period and the difference from baseline reached

statistical significance from visit 3 to the end of the study (Table 3).

At the end of study, there was a slight decrease in both mean

body weight (- 0.85 kg) and mean respiratory rate (- 0.44/min), and

a slight increase in mean pulse rate ( + 5.09 bpm) in comparison

with baseline with statistical significance ( p < 0.001). The other

vital signs, including height and blood pressure (systolic and dia-

stolic), remained stable throughout the study period.

Only 5% of the participants withdrew from the study because of

side effects, and these participants mostly left because of poor

appetite and insomnia. Any adverse event that was deemed by the

investigator to be ‘‘probably’’ or ‘‘possibly’’ related to OROS-

MPH, and that occurred in ‡ 3% of the participants at any time

during the study period, was reported. The most frequently reported

adverse events were decreased appetite (36.3%), insomnia (20.0%),

and dry mouth (11.3%). Three participants experienced at least one

serious adverse event (two with pneumonia, and the other with

abdominal pain, constipation, and an upper respiratory tract in-

fection) that was not OROS-MPH-related.

Discussion

The results showed that 66% of participants treated with OROS-

MPH reached remission if the patient could tolerate the 6-week

dosage forced-titration and the 4-week maintenance period with a

maximal daily dose up to 54 mg. Our remission rate after shifting to

OROS-MPH was very similar to the results (44–66%) from ran-

domized clinical trials with OROS-MPH in Western countries

(Stein et al 2003; Steele et al. 2006). It indicated that the symp-

tomatic remission instead of ‘‘response to treatment’’ of ADHD in

our study was achievable among two thirds of patients treated with

OROS-MPH, and that remission was a realistic and pragmatic goal.

Dosage is important in the treatment of ADHD with medications

that have a greater remission rate at higher doses (Stein et al 2003;

Swanson et al 2004). Underdosing is quite common in the medi-

cation for patients with ADHD; patients may exhibit response to the

low dosage but they seldom reach remission in the current thera-

peutic settings (Weiss et al. 1985; Barkley et al. 1990; Satterfield

et al. 2002; Barkley et al. 2006; Gau et al. 2008a). Our study

showed that at the baseline, the mean IR-MPH daily dose after at

FIG. 2. Plot of optimal response rate with the average osmotic release oral system methylphenidate (OROS-MPH) dosage. Paired
t test p-value: Comparison of the change between baseline and each visit within the same subjects. * = p < 0.0001.

Table 2. Remission Rate at the End of the Study

Based on the Body-Weight Dose

OROS-MPH dose (mg/kg/day)

< 0.8 mg/kg
0.8*

< 1.3 mg/kg ‡ 1.3 mg/kg

ITT population
(n = 521)

147 (28.2%) 218 (41.8%) 156 (30.0%)

No. of remission 77 142 83
Remission rate 52.4% 65.1% 53.2%
OR 1.70 1.03
(95% CI) (1.11–2.60) (0.66–1.62)
p - value 0.015a 0.886

OROS-MPH = osmotic release oral system methylphenidate; ITT =
intent to treat; OR = odds ratio; CI = confidence interval.

aWald v2 based on logistic model and dose group < 0.8 mg/kg taken as
the reference group.

p < 0.05.
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FIG. 3. Improvement on the (A) Swanson, Nolan, and Pelham, Version IV (SNAP-IV), (B) Clinical Global Impressions – ADHD-
Severity scale (CGI-ADHD-S), and Clinical Global Impressions – ADHD-Improvement scale (CGI-ADHD-I) and (C) global sa-
tisfaction of subjects and parents in children with attention- deficit/hyperactivity disorder (ADHD) switched to osmotic release oral
system methylphenidate (OROS-MPH) under force-titration (n = 439). Paired t test p-value: Comparison of the change from baseline
with each visit within the same subjects. * = p < 0.0001.

Table 3. Differences of the Barkley Side Effects Measured Between Baseline and Visit 3,

as Well as Between Baseline and End Point

n = 439 n = 439

Visit 3–Baseline Endpoint–Baseline

Baseline Visit 3 Group difference Baseline Endpoint Group difference
(n = 521) (n = 472) (n = 521) (n = 439)

Mean – SD Mean – SD t value p value Mean – SD Mean – SD t value p value

Barkley side effects
Poor appetite 2.74 – 2.81 2.75 – 2.65 0.05 0.961 2.74 – 2.81 2.67 – 2.66 - 0.49 0.623
Trouble sleeping 1.86 – 2.49 1.72 – 2.36 - 1.22 0.225 1.86 – 2.49 1.41 – 2.16c - 3.83 0.001
Stomach aches 0.54 – 1.50 0.38 – 1.27a - 2.24 0.026 0.54 – 1.50 0.23 – 0.94d - 5.01 < 0.001
Headaches 0.82 – 1.58 0.41 – 1.10d - 6.02 < 0.001 0.82 – 1.58 0.28 – 0.99d - 7.32 < 0.001
Nightmares 0.76 – 1.55 0.42 – 1.15d - 4.74 < 0.001 0.76 – 1.55 0.30 – 1.01d - 5.74 < 0.001
Daydreams 1.40 – 2.18 0.64 – 1.40d - 7.92 < 0.001 1.40 – 2.18 0.48 – 1.25d - 9.67 < 0.001
Reduced communication 0.99 – 1.85 0.66 – 1.33d - 3.59 < 0.001 0.99 – 1.85 0.50 – 1.21d - 5.03 < 0.001
Uninterested in others 1.28 – 2.17 0.72 – 1.34d - 5.40 < 0.001 1.28 – 2.17 0.52 – 1.23d - 6.74 < 0.001
Shock 0.62 – 1.46 0.34 – 1.10d - 4.17 < 0.001 0.62 – 1.46 0.28 – 0.97d - 5.27 < 0.001
Dry mouth 1.56 – 2.28 1.10 – 1.94d - 4.59 < 0.001 1.56 – 2.28 0.73 – 1.60d - 8.00 < 0.001
Sentimental 1.31 – 2.17 0.82 – 1.62d - 4.98 < 0.001 1.31 – 2.17 0.60 – 1.42d - 6.99 < 0.001
Anxiety 1.39 – 2.23 0.84 – 1.67d - 5.66 < 0.001 1.39 – 2.23 0.60 – 1.47d - 7.35 < 0.001
Biting fingernails 2.08 – 3.09 1.17 – 2.27d - 8.76 < 0.001 2.08 – 3.09 0.90 – 1.97d - 10.04 < 0.001
Unusually happy 1.05 – 2.11 0.57 – 1.47d - 5.23 < 0.001 1.05 – 2.11 0.33 – 1.14d - 8.18 < 0.001
Drowsiness 0.77 – 1.77 0.52 – 1.37b - 2.92 0.004 0.77 – 1.77 0.36 – 1.25d - 4.73 < 0.001
Tics/nervous movement 0.45 – 1.40 0.29 – 1.01b - 2.66 0.008 0.45 – 1.40 0.25 – 1.04b - 2.96 0.003

ap < 0.05; bp < 0.01; cp = 0.001; dp < 0.001 by the paired t test
SD = standard deviation.
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least 1 month of treatment was only 21.4 mg (0.61 mg/kg) and the

remission rate at the baseline prior to the switch to OROS-MPH

was only 4.9%. This finding suggests that even with the use of

rating scales, child psychiatrists tend to use relatively low doses of

drugs, such as IR-MPH twice a day, because of their concern about

side effects and the patient’s intolerance of medications, even

though the patients still exhibit symptoms (Chou et al. 2009).

Therefore, we can see that the clinical practice in Taiwan is rela-

tively conservative, in which drugs given to ADHD children and

adolescents are initially prescribed at a low level and are slowly

titrated. As a result, the patients and parents question the efficacy of

the medication. The subsequently poor drug adherence can cause a

low remission rate, and the long-term treatment outcome will be-

come equivocal. Therefore, to identify the optimal pharmacologic

treatment for ADHD that quickly achieves and maintains remis-

sion, an initial titration and ongoing medication management are

essential (MTA Cooperative Group 1999).

Forced-titration has been used in clinical trials of medication in

child and adolescent patients with psychiatric disorders to evaluate

the dose–response relationship (Stein et al. 2003; Findling et al.

2008; Schimmelmann et al. 2007). We applied the ‘‘forced-titration’’

method in order to attain complete remission over a short period in

our study. This was also the first study to use this kind of scheme to

challenge the dosage used in Eastern countries. As there is no

consensus on the linear relationship between body weight and the

optimal dose, there is no clear rationale or titration scheme to titrate

the dosage of drugs (Stein et al. 2003). The initial conversion

dosage for the IR and OROS formulations of MPH used in our study

was: £ 15 mg = 18 mg, 15–30 mg = 36 mg, > 30 mg = 54 mg, re-

spectively. These were very similar to those previously reported:

5 mg t.i.d. = 18 mg, 10 mg t.i.d. = 36 mg, and 15 mg t.i.d. = 54 mg

(Swanson et al. 2004). Participants were forced to the next dosage if

they failed to reach symptomatic remission. The definition of re-

mission used in our study was similar to those used in other clinical

trials (Swanson et al. 2001, Steele et al. 2006a).

During the course of the forced-titration of OROS-MPH, ad-

justed by visit of study, the mean daily doses of OROS-MPH from

visit 2 to the end of study increased from 0.69 to 1.11 mg/kg and

resulted in the higher rate of remission from 25.9% to 66.1%. In our

study, it was an acceptable and reasonable average mean dose of

IR-MPH, compared with a previous dosage survey in the Taiwan

ethnic Chinese population in which the average treatment dose of

IR-MPH was 26.7 mg per day for 5–18-year-old patients and the

general dose–body weight conversion scheme of IR-MPH was 0.8–

1.2 mg/kg per day (Gau et al. 2008a). Actually, the final dosage

played an important role in the response to treatment and the im-

provement in ADHD patients (Stein et al. 2003). Patients receiving

higher doses of medication and closer follow-up from their phy-

sicians in the medication arm of the trial had a higher remission rate

in a Multimodal Treatment Study of Children with ADHD (MTA)

study too (MTA Cooperative Group 1999; Swanson et al. 2001). In

many randomized clinical trials, the remission rates range from 40

to 66% with OROS-MPH QD (Stein et al. 2003; Kelsey et al. 2004)

and from 38 to 56% with IR-MPH TID (MTA Cooperative Group

1999; Swanson et al. 2001). In our study, the remission rates were

significantly higher with OROS-MPH compared with IR-MPH

(66.1% vs. 2.4%, respectively). More than 50% of our patients

achieved remission with this particular study design; therefore, our

study demonstrated that titration of the dosage should be based on

clinical evaluations and judgment coming from not only the clinical

manifestations but also the psychometric evaluations of the severity

of the symptoms, efficacy, tolerability, and functional improve-

ments. For most children and adolescents, a careful initial titration

could yield an effective maintenance dose; however, this does not

prevent the need for a subsequent period of maintenance adjust-

ment (MTA Cooperative Group 2004).

Because the titration period in this study was only 6 weeks, it

might have shortened the time and opportunity to achieve remission.

There were still 34% of patients who did not achieve remission.

Compared to the multicenter Canadian studies of OROS-MPH, the

remission rates were significantly higher with OROS-MPH than

with IR-MPH (44% vs. 16%, respectively; p < 0.001) (Steele et al.

2005a,b, 2006b). The findings suggest that strategies with the

highest chances of remission should be used early to maximize the

benefits of therapy (Steele et al. 2006a). As we observed in our

study, the probability of remission was increased by reaching an

OROS-MPH body-weight dose between 0.8 and 1.3 mg/kg.

Therefore, to maximize the chance of achieving symptomatic re-

mission with MPH in our study, adequate doses were required as

early as possible.

Improved efficacy, better global satisfaction with the treatment,

and similar side-effect profiles were demonstrated in the intra-

individual comparisons of the subsequently increased dosage of

OROS-MPH with the initial dosage of IR-MPH. Before the study

began, most child psychiatrists expressed concern regarding the

probability of a high dropout rate caused by the presence of side

effects under such a forced-titration scheme. However, poor ap-

petite was the only persistent concern, resulting in a slightly de-

creased body weight. Although a slightly increased pulse rate and

respiratory rate were noted, the vital signs of patients were stable

throughout the 10-week study period. The withdrawal rate for the

study was 15.7%, and withdrawal because of adverse reactions to

OROS-MPH was only 5%. Patients with a younger age, lower

weight and height, and lower IR-MPH dosage at baseline tended to

withdraw from this study. As the participants were already re-

ceiving IR-MPH treatment ( < 70 mg daily), they were tolerant to

ADHD medicine, which may have been why our dropout rate was

low compared with that in a previous study (Steele et al. 2006b).

OROS-MPH is the second-choice medication for ADHD pa-

tients if they have a poor response to the initial IR-MPH treatment,

according to the health insurance regulations in Taiwan. Our study

design and results partially reflect the real world practice and

have clinical implications for the treatment strategy of ADHD in

Taiwan.

Limitations

Relative to analogous investigations, the strengths of this study

for setting MPH treatment goals to achieve remission include: It

used the largest sample population of children and adolescents with

ADHD examined to date; participants were recruited from a

number of hospitals across northern, central, and southern Taiwan,

and it was not a relatively confined clinical trial; and the compre-

hensiveness of the assessments for the status and determinants of

remission, as well as for the side effects, satisfaction profiles, and

ADHD symptoms.

Nonetheless, in interpreting the results of this study, several

limitations should be considered. First, this was an open-label

study; therefore, it was not possible to determine the level of re-

sponse to placebo or effects of observer bias to the rating scales,

which may have overestimated the effectiveness of the therapy.

Second, there were no data concerning patients/parents who re-

fused to participate in the study during the recruiting stage. Ac-

cording to the investigators’ statement, the major reason for their
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refusal was that they were unable to fit in the study visit schedule, as

well as they were satisfied with the effectiveness of IR-MPH prior

to being recruited. Therefore, it is more likely that children with

poor adherence or poor response to IR-MPH will be recruited into

the study at baseline, and this will possibly decrease the remission

rate. Third, there were only two opportunities (weeks 2 and 4) to

adjust the dosage of OROS-MPH to achieve remission in our

forced-titration scheme. Some participants might require a longer

time to tolerate the side effects from the rapidly increased dosage of

OROS-MPH during the titration phase. For these participants, we

had to slow down the speed of titration and were unable to move

forcefully to the higher dosage necessary for remission within 6

weeks. Fourth, there were only three dosing preparations of OROS-

MPH – 18, 36, and 54 mg – in this study, and the designed maximal

daily dose was 54mg. Some participants might need the dose

> 54 mg daily to achieve remission. If the titration period was pro-

longed and higher dosages were allowed, then we could expect that

more participants would achieve remission, especially the adolescent

cases. Finally, the observation data at school was lacking, as we did not

have access to teachers’ reports and parental work. In addition, there

were no further assessments of functional outcome, because of the

short duration of this study.

Conclusions

The majority (59.6%) of 507 ITT participants, or 66% of 439

participants who completed the study, achieved symptomatic re-

mission of ADHD with a forced-titration scheme of OROS-MPH

with the maximal daily dose of 54 mg within 6 weeks and 4 weeks

maintenance. Symptomatic remission was defined as a score of 0 or 1

on each of the first 18 ADHD items on the SNAP-IV scale in this

study. The mean dose of OROS-MPH among participants in

achieving remission was 1.08 mg/kg/day, which was the optimal

dosage in this study. Increased efficacy, superior satisfaction, and

equivalent safety of OROS-MPH were demonstrated at the end of

study, compared with IR-MPH.

Clinical Significance

The results of this 10-week, open-label, multisite study of child and

adolescent patients with ADHD indicated that remission was a realistic

and achievable target in treating ADHD with OROS-MPH and forced-

titration increase of dosage. Moreover, even with a once-daily ad-

ministration of MPH, clinicians may need to adjust the dosage ac-

cording to the effectiveness, the psychometric results from rating

scales, and the associated side effects. Despite the limitations discussed

earlier, the results of this analysis suggest that the forced-titration of

OROS-MPH could help > 50% of ADHD patients to achieve remis-

sion with acceptable tolerability. However, > 30 % of participants

were unable to achieve remission finally, because some participants

need a higher dosage than 54 mg, or need a slow titration to reduce side

effects. Further studies are required to investigate the outcomes over a

longer study period, and the relationship between higher doses and the

maintenance of remission and functional recovery.
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