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Background: The efficacy of dexmethylphenidate (d-MPH) has been proven in the treatment 

of children and adolescents with attention-deficit hyperactivity disorder (ADHD).

Objective: The aim of this systematic review is to determine the efficacy, acceptability, and 

tolerability of d-MPH in child and adolescent ADHD.

Methods: The searches of SCOPUS, MEDLINE, CINAHL, and Cochrane Controlled Trials 

Register were performed in February 2015. All randomized controlled trials of d-MPH versus 

placebo that were performed in children and adolescents with ADHD up to 18 years of age 

were included in the study. The efficacy was measured by using the pooled mean-endpoint or 

mean-changed scores of ADHD rating scales and the response rate. Acceptability and toler-

ability were measured by using the pooled rates of overall discontinuation and discontinuation 

due to adverse events, respectively.

Results: A total of 1,124 children and adolescents diagnosed as having ADHD were included 

in this review. In a laboratory school setting, the pooled mean-change and mean-endpoint scores 

in the d-MPH-treated group were significantly greater than those of the placebo-treated group 

with standardized mean difference (95% confidence interval [CI]) of −1.20 (−1.73, −0.67),  

I 2=95%. Additionally, the pooled mean-changed scores of the ADHD rating scales for teachers 

and parents in the d-MPH-treated group were significantly greater than that of the placebo-

treated group with weighted mean difference (95% CI) of −13.01 (−15.97, −10.05), I 2=0% 

and (95% CI) of −12.99 (−15.57, −10.42), I 2=0%, respectively. The pooled response rate in 

the d-MPH-treated groups had a significance higher than that of the placebo-treated group.  

The rates of pooled overall discontinuation and discontinuation due to adverse events between 

the two groups were not significantly different.

Conclusion: Based on the findings in this review, it can be concluded that d-MPH medication 

is efficacious and tolerable in child and adolescent ADHD. However, the acceptability of d-MPH 

is no greater than that of the placebo. Further systematic studies may confirm these findings.
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Background
Attention-deficit hyperactivity disorder (ADHD) is a commonly diagnosed behavioral 

disorder in children and adolescents. Its prevalence rate ranges from 5% to 10%.1–3 

In addition to hyperactivity, impulsivity, and inattention, children and adolescents 

usually encounter impairment of executive function, which may affect behavior and 

academic achievement.4 Thus, appropriate intervention in those patients may decrease 

the incidence of such problems.
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Until now, pharmacotherapy has been the treatment of 

choice for ADHD. Although nonstimulants have shown 

their efficacy in the treatment of ADHD,5–7 they have been 

used as alternative treatments for ADHD. Psychostimu-

lants are efficacious and indicated as the first-line drug in 

the treatment of children and adolescents with ADHD.8,9 

A racemic d,l-methylphenidate hydrochloride has been 

proved to be effective and has been widely prescribed for 

ADHD.10–12 Dexmethylphenidate (d-MPH) hydrochloride is 

a d-threo enantiomer of racemic d,l-methylphenidate with an 

approximately tenfold greater potent pharmacological effect 

than l-methylphenidate.13 After oral administration, d-MPH 

does not racemize; therefore, it is possible for it to reach 

similar efficacy at approximately half the dose of racemic 

d,l-methylphenidate.14

Recent evidence indicates that d-MPH is an efficacious 

and well-tolerated medication in the treatment of child and 

adolescent ADHD. Several randomized controlled trials 

(RCTs) have established d-MPH as a promising medication 

in terms of efficacy and tolerability in such patients.14–24 

Since the number of subjects in those RCTs was small, meta-

analysis, which determines more efficiently the true effective 

size and which includes all the subjects of those studies, 

should be the appropriate assessment method to evaluate 

the efficacy, acceptability, and tolerability of d-MPH in the 

treatment of child and adolescent ADHD.

In this meta-analysis, we systematically reviewed the 

efficacy of d-MPH versus placebo in the treatment of children 

and adolescents with ADHD. In addition, the acceptability 

and tolerability were also determined.

Methods
Although the Food and Drug Administration approved 

d-MPH for the treatment of ADHD in November 2001,25 the 

first publications of d-MPH in the PubMed appeared in 2002. 

Therefore, searching for relevant clinical studies commenced 

in January 2002 and continued until February 2015.

Eligibility criteria
Any RCT of methylphenidate conducted in children and 

adolescents with ADHD spectrum and reporting scores 

of standardized ADHD rating scales was eligible for this 

review. Additionally, both the rate of response and the rate 

of discontinuation had to be illustrated. The minimum sample 

size for each trial was not limited. The ADHD spectrum was 

composed of ADHD, attention-deficit disorder, hyperkinetic 

syndrome, hyperkinetic reaction, and hyperkinetic conduct 

disorder diagnosed by any set of criteria. However, any 

study of ADHD with comorbidity was excluded from this 

review. Gathered from the search terms in English, trials in 

any language were eligible for analysis.

Information sources
Searching, confined to only manual searching, was conducted 

mainly in SCOPUS, MEDLINE, CINAHL, Cochrane Con-

trolled Trials Register databases, ClinicalTrials.gov, EU 

Clinical Trials Register (EU-CTR), and the database of a 

drug company producing original d-MPH, in February 2015.

The references of the articles obtained by all means were also 

searched. Only relevant RCTs and controlled clinical trials 

(CCTs) were considered eligible in this meta-analysis.

Searches
To increase the sensitivity for identifying the RCTs and 

CCTs, a strategic search was carried out using a combination 

of the following words and phrases: ([dexmethylphenidate] 

OR [Focalin]) AND ([attention-deficit hyperactivity disorder] 

OR [ADHD] OR [attention-deficit disorder] OR [hyperki-

netic syndrome] OR [hyperkinetic reaction]). This approach 

was applied in searching all the databases.

Study selection
The authors (NM and BM) independently inspected the 

abstracts of the articles gathered from those databases to 

assess whether the articles were eligible for inclusion accord-

ing to the criteria. When the full-text versions of the relevant 

articles were given, both the authors individually assessed 

them. Whenever a disagreement occurred, the authors 

resolved it by means of consensus.

Data collection process
Initially, the first reviewer (NM) extracted the findings of 

interest and entered them into the data extraction form. Then, 

the second reviewer (BM) checked those extracted outcomes 

again. Any disagreement was sorted out by consensus.

Data items
The essential findings extracted and drawn in all the 

eligible clinical trials consisted of the following: 1) items 

associated with assessment of the study quality; 2) crucial 

basic characteristics of the included subjects, diagnostic 

criteria, study design for each study, and exclusion and 

inclusion criteria; 3) formulation, dose, and duration for 

d-MPH administration; and 4) essential data required in 

the synthesis. If possible, the intent-to-treat outcomes were 

also included.
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Quality assessment and risk of bias in 
individual studies
The internal validity (quality) was assessed by both the 

reviewers (NM and BM). As noted in the Handbook of 

Cochrane Collaboration, the risk of bias in each of the stud-

ies was assessed by the following means: 1) generation of 

randomized sequences (selection bias), 2) allocation conceal-

ment (selection bias), 3) blinding of participants and person-

nel (performance bias), 4) blinding of outcome assessment 

(detection bias), 5) incomplete outcome data (attrition bias), 

6) selective reporting (reporting bias), and 7) other sources of 

bias (other bias).26 Additionally, the Jadad scale for reporting 

RCTs, which is easy to use and contains many important 

elements shown to correlate with bias and known reliability 

and external validity, was also applied.27

Summary measures
There were interesting results in this meta-analysis, includ-

ing those regarding efficacy, acceptability, and tolerability. 

Efficacious outcomes were measured by the pooled mean-

endpoint or mean-changed scores of the standardized ADHD 

rating scales, and the pooled response rates were evaluated 

by any set of criteria. As followed in previous systematic 

reviews, acceptability, the portion of early participant with-

drawal from the study for any reason (dropout rates) after 

intervention,28,29 was estimated by the overall discontinuation 

rate in this review.30 Similarly, tolerability, the proportion 

of participants withdrawing from the study due to adverse 

events, was determined using the discontinuation rate due 

to adverse events.31,32

Statistical analysis
In a systematic review, it is possible to synthesize the 

continuous outcome by using the weighted or standardized 

mean differences (WMDs or SMDs) with a 95% confidence 

interval (CI). If the same outcome measurement is applied 

across clinical studies, the comparison or the combination 

of those results is reasonably calculated by using the WMD. 

Conversely, the use of various rating scales becomes the norm 

across those studies; SMD, no unit, is used to estimate such 

comparisons or combinations. In this review, the calculation 

of any continuous outcome was carried out by using either the 

WMDs or the SMDs, based on whether a similar or dissimilar 

rating scale was applied across eligible clinical trials. If the 

standard deviation (SD) of the mean-endpoint or the mean-

changed scores for the ADHD rating scales of eligible articles 

was not found, it was calculated by means of any statistical 

method or by direct substitution.33 The  inverse-variance 

method was also applied for the estimation of the pooled 

mean-endpoint or mean-changed scores with 95% CIs.

The dichotomous findings were synthesized by using the 

relative risks (RRs) with 95% CI. If the RR is one, it suggests 

that there is no difference between the two study groups. If 

the RR is less than one, it implies that those results are less 

likely to occur in the experimental group than in the con-

trol group. On the other hand, if the RR is more than one, 

it means that the outcomes are more likely to occur in the 

experimental group than in the control group. In this review, 

we used the RRs for comparing the pooled response rates, 

overall discontinuation rates, and discontinuation rates due 

to adverse events between the two study groups. All pooled 

RRs of dichotomous data with 95% CIs were calculated using 

the Mantel–Haenszel method.

Synthesis of results
In a meta-analysis, data can be synthesized using either a fixed 

effect model or a random effect model. If the eligible clinical 

study is based on the assumption that there is a common effect 

size, it is possible to apply the fixed effect model. In contrast to 

the random effect model, the variations across the studies are 

ignored in the fixed effect model. Practically, one true effect 

size appears less likely to occur, whereas the eligible clini-

cal trials resemble each other relatively. For this reason, it is 

almost impossible to conclude that those studies are exactly 

identical. Hence, the synthesis of all the outcomes based on 

the random effect model was carried out in this review.

Statistical software
In this review, all the outcomes were synthesized using the 

RevMan 5.1 (The Nordic Cochrane Centre, Copenhagen, 

Denmark).

Risk of bias across studies
In a systematic review, a funnel plot can be used for the 

examination of the publication bias. The bias can be observed 

by way of a simple graph of the intervention effect, which 

is evaluated by an individual study against some measure of 

each study’s size or precision.34 Wherever possible, a funnel 

plot was used in this review.

Test of heterogeneity
As a rule, a test of heterogeneity is necessary while measuring 

the similarity of the clinical outcomes across studies in a sys-

tematic review. We hypothesized that individually included 

study outcomes did not have the same effect because of the 

quality of the methodology in each study. For this reason, the 
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extent of disparity among the study results was essentially 

estimated. With regard to the study findings noted in the 

graphical display and the use of the test of heterogeneity, the 

study results can be determined in terms of whether it is by 

chance alone that they have greater differences than would 

be expected. If I 2 is 50% or more, it is concluded that the 

significance in the result for heterogeneity occurs.

Results
Study selection
The 686 citations obtained from searching of the database 

were gathered (SCOPUS =548 studies, Medline =59 studies, 

CINAHL =24 studies, Cochrane Controlled Trials 

Register =34 studies, ClinicalTrials.gov =19 studies, and 

EU-CTR =2 studies) (Figure 1). After eliminating dupli-

cate citations, the 596 citations obtained were thoroughly 

inspected. When the titles and abstracts of the rest of the 

citations were assessed, a total of 582 citations had to be 

removed as they were incompatible with the eligibility 

criteria. Thereafter, the 14 full-text articles were care-

fully examined. Two were excluded because one of them 

was conducted in child and adolescent ADHD with tic 

comorbidity35 and the other was a withdrawal treatment 

study.36 Subsequently, the finally obtained 12 citations on 

eleven clinical studies were included in this review.14–24,37 

There were no relevant and unpublished studies that met 

the inclusion criteria.

Study characteristics
A total of 1,124 children and adolescents diagnosed with 

ADHD were included in this review. The study duration of 

the included RCTs ranged from 3 to 9 weeks. Four studies 

reported the washout periods (2 days to 1 week).14,16,19,21 

The doses of d-MPH were 2.5–10 mg for single dose and 

5–30 mg/d. The baseline characteristics of the eligible studies 

are displayed in Table 1.

Figure 1 Flow diagram of meta-analysis search.
Abbreviations: ADHD, attention-deficit hyperactivity disorder; EU-CTR, EU Clinical Trials Register.
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Since the mean-changed or mean-endpoint scores were 

rated by using different rating scales across the eligible 

clinical studies, the SMDs were applied for estimating and 

synthesizing all continuous data. Eight trials16–22,24 reported 

the mean-changed scores, and one15 reported the mean-

endpoint scores. Four studies14,16,22,23 reported the response 

rates. Additionally, six trials14,16–18,20,22 reported both overall 

discontinuation rates and rates of discontinuation due to 

adverse events.

Risk of bias within studies
Application of the randomization and double-blind tech-

nique was found in all the included trials. The intention-to-

treat analysis was used in eight studies.14,16,18–22,24 Adequate 

sequence generation of randomization was reported in 

four clinical trials,17,18,22,24 and allocation concealment was 

reported in three studies.18,22,24 The blinding of participants 

and personnel was clearly identified in nine trials,14,15,17–21,23,24 

while the blinding of outcome assessment was demonstrated 

in six studies17–21,24 (Table 2). Based on the Jadad scale for 

reporting RCTs, the quality of each RCT was moderate to 

good (Table 3).

Results of individual studies
Eight trials studied ADHD in children and adolescents 

with several doses of d-MPH;15,16,18,19,21–24 hence, the pooled 

mean-changed score (SD) of the outcome from each study 

was applied for analyzing and synthesizing. Either the 

mean-changed score or the mean-endpoint score in the 

d-MPH-treated group from individually included trials was 
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Table 2 Summary of risk of bias in clinical controlled trials of 
dexmethylphenidate in child and adolescent ADHD

Study Issues of bias

1 2 3 4 5 6 7

Quinn et al15 U U L U U L L
Wigal et al14 U U L U L U L
Greenhill et al16 U U U U L L L
Silva et al17 L U L L L U L
Brams et al18 L L L L L U L
Muniz et al19 U U L L U L L
Silva et al20 U U L L L L L
Silva et al21 U U L L L L L
Childress et al22 L L U U L U L
Stein et al23 U U L U U U L
Brams et al24 L L L L U L L

Notes: 1, adequate sequence generation of randomization (selection bias); 
2, allocation concealment (selection bias); 3, blinding of participants and personnel 
(performance bias); 4, blinding of outcome assessment (detection bias); 5, incomplete 
outcome data (attrition bias); 6, selective reporting (reporting bias); 7, other sources 
of bias (other bias).
Abbreviations: ADHD, attention-deficit hyperactivity disorder; U, unclear; L, low 
risk of bias.
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Table 3 Summary of quality in clinical trials of dexmethylphenidate in child and adolescent ADHD using the Jadad scale for reporting 
randomized controlled trials

Study Items Total scores

Randomization Blinding Account of all patients

Quinn et al15 1 1 1 3
Wigal et al14 1 2 1 4
Greenhill et al16 1 1 1 3
Silva et al17 2 1 1 4
Brams et al18 2 2 1 5
Muniz et al19 1 2 1 4
Silva et al20 1 2 1 4
Silva et al21 1 2 1 4
Childress et al22 2 1 1 4
Stein et al23 1 2 1 4
Brams et al24 2 2 1 5
Mean scores (SD) 1.4 (0.5) 1.6 (0.5) 1 (0.0) 4 (0.6)

Abbreviations: ADHD, attention-deficit hyperactivity disorder; SD, standard deviation.

τ χ

τ χ

χ

Figure 2 Forest plot comparing mean scores of the ADHD rating scales (95% CIl) in laboratory school setting for child and adolescent ADHD: dexmethylphenidate vs placebo.
Abbreviations: CI, confidence interval; IV, inverse variance; ADHD, attention-deficit hyperactivity disorder; d-MPH, dexmethylphenidate; SD, standard deviation.

significantly higher than that of the placebo-treated group 

(Figures 2–4). Similarly, the response rate of each study had 

a greater significance value than that of the placebo-treated 

group (Figure 5).

Synthesis of results
Efficacy
The significance of heterogeneity was found in the pooled 

mean-changed and mean-endpoint scores of ADHD rat-

ing scales for the laboratory school settings. Based on the 

laboratory school setting, the pooled mean-changed and 

mean-endpoint scores of child and adolescent ADHD in the 

d-MPH-treated group were significantly greater than those 

of the placebo-treated group with SMD (95% CI) of −1.2 

(−1.73, −0.67), I 2=95% (Figure 2). Additionally, the mean-

changed scores of the ADHD rating scales for teachers in 

regular classrooms for the d-MPH-treated group also had 

greater significance than the scores of the placebo-treated 

group with WMD (95% CI) of −13.01 (−15.97, −10.05), 

I 2=0% (Figure 3). Similarly, the mean-changed scores of 

the ADHD rating scales for parents in a naturalistic setting 

for the d-MPH-treated group were significantly greater than 

the scores of the placebo-treated group with WMD (95% CI) 

of −12.99 (−15.57, −10.42), I 2=0% (Figure 4).

The significant heterogeneity was also identified in the 

pooled response rate. The pooled response rate of child and 

adolescent ADHD in the d-MPH-treated groups had a higher 

significance value than that of the placebo-treated group with 
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τ χ

Figure 3 Forest plot comparison of mean-changed scores of ADHD rating scales (95% CI) for teacher rating in regular classrooms for child and adolescent ADHD: 
dexmethylphenidate vs placebo.
Abbreviations: CI, confidence interval; IV, inverse variance; ADHD, attention-deficit hyperactivity disorder; d-MPH, dexmethylphenidate; SD, standard deviation.

τ χ

Figure 4 Forest plot of comparison of mean-changed scores of the ADHD rating scales (95% CI) for for parent rating in child and adolescent ADHD: dexmethylphenidate 
vs placebo.
Abbreviations: CI, confidence interval; IV, inverse variance; ADHD, attention-deficit hyperactivity disorder; d-MPH, dexmethylphenidate; SD, standard deviation.

RR (95% CI) of 3.10 (2.19, 4.38), I2=25% (Figure 5). The 

pooled response rates of the d-MPH-treated groups and the 

placebo-treated groups were 60% and 19%, respectively. 

According to the pooled response rate, the number needed 

to treat (NNT) (95% CI) was 2.50 (2.23, 3.07).

Discontinuation rates
No significant heterogeneity was present in either of 

the pooled discontinuation rates. The pooled overall 

discontinuation rates in child and adolescent ADHD of the 

d-MPH-treated groups and the placebo-treated groups were 

not significantly different with RR (95% CI) of 0.72 (0.40, 

1.30), I2=14%. The pooled discontinuation rates due to 

adverse events of the two groups also showed no significant 

difference with RR (95% CI) of 0.74 (0.19, 2.93), I2=2%.

Risk of bias across studies
Upon visual inspection of the funnel plot display of SMDs, 

it was clear that there was no evidence of publication bias 

since no asymmetry was found (Figure 6).

Discussion
According to the findings from this review, d-MPH is effec-

tive in the treatment of children and adolescents who have 

been diagnosed with ADHD. In the laboratory school setting, 

the pooled outcome measure of the mean-changed scores and 

the mean-endpoint scores of the SKAMP-Combined score 

were significantly superior to the score of the placebo. The 

doses of d-MPH in those included studies were in the range 

of 5–30 mg/d or 2.5–10 mg (single dose). Additionally, 

the pooled results of the mean-changed scores of d-MPH 

5–30 mg/d, rated by teachers in regular classrooms, were 

significantly superior to the results given by the placebo. 

Similarly, the results rated by parents in a naturalistic setting 

were in the same range. Considering the pooled response 

rate, the NNT of three suggests that one in every three 

patients with ADHD will have an advantage from d-MPH 

treatment.

The efficacy of d-MPH as presented in this review was 

consistent with that noted in the previous studies of stimu-

lants in ADHD. Several studies indicated the efficacy of 

methylphenidate (MPH),11,12,38 mixed amphetamine salts 

extended release (Adderall XR),39 and lisdexamfetamine.40,41 

Similarly, the results of this review were the same as those of 

nonstimulants such as bupropion.5 Just like other stimulants, 

the efficacy of d-MPH is possible as a result of blocking the 

reuptake of norepinephrine and dopamine.42

Based on overall discontinuation, the outcomes sug-

gest that the acceptability of the d-MPH treatment was not 

better than that of the placebo. The results in this review 

were similar to those of previous studies. Recent reviews of 

stimulants such as lisdexamfetamine in ADHD indicate that 

the acceptability between the active agent and the placebo 

was comparable.40,41 Based on the discontinuous rate due to 

adverse events, the tolerability of d-MPH was comparable 

to that of the placebo. Similar findings have been observed 

in recent systematic reviews of lisdexamfetamine in children 

and adolescents with ADHD.41

There are a few noteworthy limitations of this meta-

analysis. First, although there were eleven studies included 
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τ χ

Figure 5 Comparison of relative risks (95% CI) for clinical response rates in child and adolescent ADHD: dexmethylphenidate vs placebo. 
Abbreviations: ADHD, attention-deficit hyperactivity disorder; CI, confidence interval; d-MPH, dexmethylphenidate; M–H, Mantel–Haenszel.

Figure 6 Funnel plot of standardized mean differences of the included studies in 
child and adolescent ADHD: dexmethylphenidate vs placebo.
Abbreviations: SE, standard error; SMD, standardized mean difference.

in this review, those were studied in different settings (nine 

studies in a laboratory school setting and two studies in a 

naturalistic setting). Hence, the number of the included popu-

lation in the later studies was limited, which may reduce the 

potential impact of this review. Second, the significances of 

heterogeneity noted in the pooled mean-changed and mean-

endpoint scores of ADHD rating scales for the laboratory 

school settings, and pooled response rate may imply that sig-

nificant dissimilarity of such clinical outcomes across studies 

occurred in the systematic review. Interpretation and applica-

tion of those outcomes in clinical practice may be limited. 

Finally, since all the eligible trials were financially granted 

by a pharmaceutical company holding the patent of d-MPH, 

the outcomes would have to be interpreted cautiously.

Conclusion
According to this review, d-MPH was efficacious in the 

treatment of children and adolescents diagnosed with ADHD. 

Additionally, the tolerability of d-MPH was good in those 

patients. However, the acceptability was no better than that 

of placebo. Since there were some limitations with regard 

to the included studies, the interpretation of these outcomes 

has to be carefully considered. Additional studies should 

possibly be able to validate these results.
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