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SECTION 1: SUMMARY STATEMENT OF THE PROPOSAL 
 
This application proposes the addition of methylphenidate to the list of the EMLc and EML for 
the treatment of children and adolescents between the ages of 6 to 17 years with attention-
deficit/hyperactivity disorder (ADHD). 
 
ADHD is one of the most common mental disorders in children and young people and the 39th 
leading cause of years lived with disability among those aged 5 to 14 years. The diagnosis is 
associated with poorer quality of life, worse educational attainment, and higher risk of 
unintentional injuries and death in childhood and adolescence. 
 
In support of this application, we review the best available evidence on the efficacy, 
effectiveness, and safety of methylphenidate as compared to placebo/no treatment for children 
and adolescents aged 6 to 17 years with ADHD as there are no other alternative medicines 
currently included on the EMLc or EML for this indication. 
 
We consider several important issues raised by the Expert Committee with regards to the two 
previous applications made by other independent groups. Specifically, there was a request for 
evidence acquired over long periods of time, ideally more than 52 weeks given that ADHD can 
be a chronic condition, requiring long-term management. The pertinent available evidence is 
presented in this application as we consider in depth the findings of two randomized controlled 
trials, both over 52 weeks duration, showing benefits in symptom reduction of moderate effect 
sizes, and randomized discontinuation trials that more indirectly point to sustained long-term 
benefits at least after 2 years of treatment with methylphenidate. We review evidence of adverse 
events, particularly those tied to long-term treatment.  We find no evidence of an increased risk 
of serious adverse events, including serious cardiovascular events in association with 
methylphenidate treatment. However, there was evidence of increased non-serious adverse 
events, particularly in some cardiovascular outcomes, with more mixed evidence regarding 
effects on height and weight.  These adverse events underscore the need for monitoring 
throughout treatment.		
 
Secondly, we note that the 2023 mhGAP guideline for treatment of ADHD recommends that 
methylphenidate should be a treatment option for those with ADHD in the context of a 
management plan that addresses psychosocial risks and vulnerabilities and environmental factors 
that have an impact on symptoms and functioning. This application would help allow this 
recommendation to be realized across low-middle income countries (LMICs). 
 
Thirdly, we consider the feasibility of health care systems to provide the diagnostic and 
monitoring processes required for methylphenidate prescription. We note the growing integration 
of psychiatry into primary health care, with international increases in supervision and training by 
specialists of those in primary care settings which will support the scaling up of the management 
of ADHD, including the prescription and monitoring of methylphenidate. 
 
The committee also raised concerns about the rating, by those conducting the Cochrane review 
of randomized controlled trials (RCTs), of the short-term effects of methylphenidate treatment as 
being of very low quality according to the Grading of Recommendations, Assessment, 



 4 

Development and Evaluation (GRADE) approach. In this application, we provide a rationale for 
re-considering the evidence to be of at least moderate quality, both for its benefits and for its 
adverse events. 
 
We respond to concerns raised in previous reviews about accuracy of the estimates of ADHD 
prevalence with reference to recent studies, including the Global Burden of Diseases 2021 
survey, which estimated a global prevalence of ~1.95% for those aged 20 years or younger. Even 
in countries with the lowest estimated prevalence, there are thus millions of children and 
adolescents affected by the disorder.    
 
Finally, to address important concerns about non-medical use of stimulants and diversion, we 
review recent estimates of the prevalence of such misuse/diversion, the potential harms, and 
pathways toward minimizing risk of misuse and diversion of these medicines. 
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SECTION 2: CONSULTATION WITH WHO TECHNICAL DEPARTMENTS 
 
Rodrigo Cataldi, PhD Chiara Servilli, MD, MPH, PhD 
Technical officer Technical officer 
cataldir@who.int servillic@who.int 
 
Drs. Cataldi and Servilli are technical officers with the Brain Health Unit, Department of Mental 
Health and Substance Use, World Health Organization, Geneva, Switzerland. 
 
We met with Drs. Cataldi and Servilli on the 3rd of July 2024 and then Dr. Cataldi on the 12th of 
August 2024. We have exchanged emails throughout the period until submission with Dr. 
Cataldi. He also reviewed this application and supports submission. 
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SECTION 3: OTHER ORGANIZATION(S) CONSULTED AND/OR SUPPORTING THE 
SUBMISSION 
 
There were no organizations consulted for this application. Interested parties will be invited to 
provide comments on the submission during the public consultation phase on the WHO website.  



 7 

SECTION 4: KEY INFORMATION SUMMARY FOR THE PROPOSED MEDICINE. 
INN Methylphenidate 
ATC Code N06BA04 
Indication Treatment of attention-deficit/hyperactivity disorder (ADHD) in 

children and adolescents aged 6-17 years 
ICD-11 code 6A05 
Dosage form Strength EML EMLc 
Tablet 5, 10, 20 mg Yes Yes 
Extended-release capsule 10 to 60 mg Yes Yes 
Extended-release tablet 18, 27, 36, 54, 72 mg Yes Yes 
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SECTION 5: LISTING AS AN INDIVIDUAL MEDICINE OR REPRESENTATIVE OF A 
PHARMACOLOGICAL CLASS / THERAPEUTIC GROUP. 
 
This proposal requests that methylphenidate be listed as an individual medicine. Among 
medicines used for the treatment of ADHD in children and adolescents, methylphenidate has the 
most comprehensive evidence of efficacy, effectiveness, safety, and cost-effectiveness.  
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SECTION 6: INFORMATION SUPPORTING THE PUBLIC HEALTH RELEVANCE. 
 

The application proposes the inclusion of methylphenidate for the treatment of ADHD in 
children and adolescents (between ages 6-17 years). Below, we provide information and 
evidence supporting the public relevance of the proposed medicine for this indication and target 
population. 
 
6.1 Diagnosis 
 
6.1.1 Criteria 
As formulated in the International Classification of Diseases 11th revision (ICD-11) (1), ADHD is 
a neurodevelopmental disorder characterized by a persistent pattern of inattention and/or 
hyperactivity-impulsivity that is outside the limits of normal variation expected for age and level 
of intellectual development and has direct negative impact on academic, occupational, or social 
functioning. 

Inattention refers to difficulties in sustaining attention to tasks that do not provide a high 
level of stimulation or frequent rewards, distractibility, and problems with organization. 

Hyperactivity refers to excessive motor activity and difficulties with remaining still, most 
impairing in structured situations that require behavioral self-control. 

Impulsivity is a tendency to act in response to immediate stimuli without deliberation or 
consideration of the risks and consequences. 

For the diagnosis of ADHD to be made, manifestations of inattention and/or 
hyperactivity-impulsivity must onset prior to age 12, last for at least 6 months, and cause 
impairment across situations and settings (e.g., home, school, work, with friends or relatives). 
Lastly, symptoms must not be better explained by another mental, behavioral, or 
neurodevelopmental disorder and must not be due to the effect of a substance or medication. 

 
6.1.2 Diagnostic procedures 
The diagnosis of ADHD can only be made by licensed professionals with training and expertise 
in the diagnosis of ADHD on the basis of a full clinical and psychosocial assessment of 
behaviors and symptoms in different settings of life; a developmental and psychiatric history; 
and assessment of mental state (2). In the process of preparing ICD-11, the World Health 
Organization (WHO) provided diagnostic guidelines (3), which have proved useful in lower 
resource settings, such as in LMICs (4, 5). ADHD cannot be diagnosed through the use of 
questionnaires (including rating scales) alone, neuropsychological tests, or any other biomarkers 
(for instance, methods for imaging the brain or characterizing genetic features). 
 
6.1.3 Reliability 
The diagnosis of ADHD is reliable when performed by trained professionals using well-defined 
criteria. For instance: 

• In field trials for the DSM-5, the diagnosis of ADHD as formulated in the 
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), 
had very good inter-rater reliability (kappa = 0.6-0.79) across four participating 
child/adolescent sites (6, 7). 

• In Mexico, a study of 25 psychiatrists who each received a 4-hour training 
session on the ICD-11 diagnostic criteria for child and adolescent mental health 
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conditions found that the diagnosis of ADHD showed good inter-rater reliability 
(kappa = 0.46) (5). 

 
6.1.4 Validity 
Children and adolescents with a diagnosis of ADHD have been found to have poorer quality of 
life and greater risk of several negative outcomes across their development compared to those 
without ADHD, which provides evidence of concurrent and predictive validity for the diagnosis 
of ADHD. For instance: 

• In a systematic review and meta-analysis of 8 studies including 854 children and 
adolescents with ADHD, ADHD was associated with substantially poorer quality 
of life considering either parent- (Hedge’s g [95% confidence interval] -1.67 [-
2.57 to -0.78]) or child-reported (-1.28 [-2.01 to -0.56]) measures (8). 

• In a population-based cohort study conducted in Denmark with data from 629,622 
children, having a diagnosis of ADHD was associated with worse educational 
attainment, such as lower likelihood of taking the final examination after 9 years 
of compulsory school and lower mean grades achieved on the test (9). 

• A systematic review of longitudinal prospective cohort or case-control studies 
with a minimum follow-up of 2 years identified that individuals with ADHD prior 
to 18 years of age were more likely to be fired and to face unemployment (10). 

• In another population-based cohort study conducted in Denmark with 4,231 
individuals who received a diagnosis of ADHD at the ages of 4 to 15 years, 
individuals with ADHD had been convicted almost twice as frequently compared 
to matched (on sex and birth year) individuals without ADHD during a follow-up 
period of 15 years, and this association with criminality remained statistically 
significant after adjustment for psychiatric comorbidity, parental ADHD, parental 
educational status, parental psychopathology, family composition, placements 
outside the home, parental death, socioeconomic status, and urbanicity (11).  

• In a systematic review and meta-analysis of 28 observational studies including 
350,938 children with ADHD, there was evidence of an association between 
ADHD diagnosis and unintentional physical injuries (12).  

• In a study using the Danish national registers that followed up 1.92 million 
children born between 1981 and 2011, having a diagnosis of ADHD at the ages 6 
to 17 years was associated with increased mortality that remained statistically 
significant after adjustment for age, calendar year, sex, parental history of 
psychiatric disorders, maternal and paternal age at time of delivery, parental 
educational status, and parental employment status (13).  
 

6.1.5 Diagnosis in the context of other psychiatric disorders 
As determined in ICD-11, for the diagnosis of ADHD to be made it is important to rule out that 
the symptoms of inattention and/or hyperactivity-impulsivity would be better explained by 
another mental, behavioral, or neurodevelopmental disorder. However, that is not equivalent to 
stating that the diagnosis of ADHD cannot be made, or is less reliable, in the presence of another 
condition. For instance, a study including 40 children and adolescents with ADHD plus 
depression showed that 90% maintained their diagnosis of ADHD when the overlapping 
depression symptoms were subtracted, and the percentage of children with diagnosis was not 
significantly different from the percentage obtained when the original criteria were adopted (14). 
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6.2 Epidemiology 
 
6.2.1. Prevalence 

Systematic reviews and meta-analyses pooled data from hundreds of surveys on ADHD 
prevalence in probabilistic samples of children and adolescents (≤ 18 years) from the general 
population across the world. Those studies, published in 2007 and 2012, indicated that the 
prevalence ratios of ADHD were around ~5% (15, 16). While there was between-study 
variability in prevalence estimates, differences reflected methodological characteristics (such as 
the exact diagnostic criteria used, and the use of single versus multiple informants), rather than 
pointing to true prevalence variance. The relative stability of ADHD prevalence across nations 
was supported by a follow-up systematic review and meta-analysis of 135 studies that found no 
significant prevalence differences across nation (considering North America, South America, 
Europe, Africa, Asia, Middle East, and Oceania) or time, as reflected by the year of publication 
(17). 

More recently, the Global Burden of Diseases (GBD) 2021 survey, 
(https://vizhub.healthdata.org/gbd-results/) (18) estimated a prevalence of 1.95% (95% 
uncertainty intervals [UI] 1.34, 2.78) for those aged 20 years or younger. This estimate 
corresponds to 47 million children and young people (95% UI 32, 67 million) with ADHD.  

For the GBD Study 2019, the investigators prepared a separate report for the global, 
regional, and national burden of 12 mental disorders, including ADHD, in 204 countries and 
territories (19). This study found the highest prevalence estimates in the “High-Income” region 
(3.63%; 95% UI 2.4, 5.09) and areas of “High SDI” (3.5%; 95% UI 2.35, 4.93); and the lowest 
prevalence estimates in “Sub-Saharan Africa” (0.85%, 95% UI 0.5, 1.23) and areas of “Low 
SDI” (0.94%; 95% UI 0.63, 1.36). However, the extent to which these findings are true 
differences across regions is unclear, as data from some countries, in particular LMICs, are more 
likely to be imputed, as recently raised by independent researchers (20). Indeed, in a re-analysis 
of the same dataset using more traditional meta-regression analyses, investigators were unable to 
find differences in the prevalence ratios between LMIC and high-income countries (5.65% 
versus 5.47%). Similarly, there was no significant association between SDI and prevalence ratios 
(21). Nevertheless, GBD Study 2021 still estimated that almost 5 million individuals aged < 20 
years lived with ADHD in “Sub-Saharan Africa” (4.89 million; 95% UI 3.27, 7.14) and areas of 
“Low SDI” (5.28 million; 95% UI 3.56, 7.68), reinforcing the public health importance of 
ADHD in children and adolescents. Other meta-analyses return higher prevalence estimates.  For 
example, a recent meta-analysis of 59 studies in Middle Eastern and North African nations 
returned a pooled prevalence of ADHD in children and adolescents of 10.1% (95% CI 7 to 12), 
albeit with high heterogeneity across studies (I2 =99.86)(22).  
 
6.2.2 Burden  
With regards to GBD Study 2021 estimates of burden, ADHD was the 39th (out of 302) leading 
cause of years of life lived with disability (YLDs) for children and adolescents aged 5 to 14 and 
49th when also including adolescents between 15 to 20 years of age.  

As mentioned above in Section 6.1.4, a diagnosis of childhood ADHD is also associated 
with poor quality of life, worse educational attainment, unemployment, criminality, increased 
risk of physical injuries, and higher mortality (8-13). 
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Additionally, ADHD is also associated with substantial socioeconomic costs. A 
systematic review and meta-analysis published in 2024 pooled data from 32 studies from 2007 to 
2023 that were identified across nine databases. Children with ADHD were associated with 
higher costs ($162-18,340) than their unaffected counterparts ($0-2,540) (23). 
 
6.3. Alternative medicines currently included on the Model Lists 
 
Besides methylphenidate, the following medicines have been approved by regulatory agencies 
such as the US Food and Drug Administration (FDA), or the EU European Medicines Agency 
(EMA), for the treatment of children and adolescents (ages 5 to 17 years) with ADHD (24):  

• Dexmethylphenidate 
• Amphetamines (e.g., mixed amphetamine salts, dextroamphetamine, lisdexamfetamine) 
• Atomoxetine 
• Guanfacine 
• Clonidine 
• Viloxazine 

 None of them are currently included on the Model Lists.  
There are two medicines currently included on the Model Lists that may be used off-label 

for ADHD in children and adolescents: bupropion (first added in 2021 for nicotine dependence) 
and clomipramine (first added in 1993 for obsessive-compulsive disorder). However, these 
medicines are not proposed for addition to the EML for ADHD as the strength of the available 
evidence supporting the use of these medications for children and adolescents with ADHD is 
limited, being examined in relatively few placebo-controlled RCTs, considered below.   
 
6.3.1 Bupropion 
Only one double-blind, parallel arms, placebo-controlled study published in 1996 investigated 
the effects of bupropion (150-250 mg/d with a flexible titration) in 109 children aged 6-12 years 
old (25). That study identified benefits of treatment compared to placebo with regards to ADHD 
symptoms based on both parent and teacher reports after 5 weeks of treatment.  
 
6.3.2 Clomipramine  
Only one double-blind, crossover arms, placebo-controlled study published in 1983 investigated 
the effects of clomipramine in 12 children aged 5.9 to 11.6 years (26). That study indicated that 
clomipramine was not more efficacious than placebo in ameliorating global disturbing classroom 
behavior. 

A systematic review and meta-analysis published by Cochrane identified six RCTs (five 
of desipramine, one of nortriptyline) with a total of 216 children and adolescents (ages 6 to 18 
years) that tested a tricyclic antidepressant against placebo for ADHD (27). While desipramine 
improved ADHD symptoms as assessed by parents (SMD ‐1.42; 95% confidence interval ‐1.99 
to ‐0.85) and teachers (‐0.97; ‐1.66 to ‐0.28), the evidence was considered of low quality. 
Additionally, there are concerns around the safety of desipramine for the cardiovascular system 
(28, 29). Hence, the authors concluded that the evidence supporting the clinical use of 
desipramine for the treatment of children with ADHD was weak (27).  
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SECTION 7: TREATMENT DETAILS. 
Methylphenidate is delivered through different formulations (short-acting, intermediate, long-
acting) that are currently available in the market. Below we highlight the formulations for which 
there is a generic drug authorized by the US FDA (30). The data outlined below may be easily 
accessed and transparently verified in the Drugs @ FDA and the DailyMed websites 
(https://dailymed.nlm.nih.gov/dailymed/index.cfm; 
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm). 
 
7.1 Dosage regimen 
 
For dosage regimens, data are taken from the FDA label of each formulation.  
 
7.1.1 Methylphenidate hydrochloride (tablet; oral) 
For children 6 years and older, the initial dose is 5 mg twice daily (before breakfast and lunch) 
with gradual increments of 5 to 10 mg weekly. Daily dosage above 60 mg is not recommended. 
If paradoxical aggravation of symptoms or other adverse effects occur, reduce dosage, or, if 
necessary, the drug is discontinued. 
 
7.1.2 Methylphenidate hydrochloride (capsule, extended release; oral) 
Methylphenidate hydrochloride extended-release capsule (LA) is for oral administration once 
daily in the morning. Capsules may be swallowed as whole capsules or alternatively may be 
administered by sprinkling the capsule contents onto a palatable substance (e.g., applesauce), for 
immediate consumption. Capsules and/or their contents should not be crushed, chewed, or 
divided.  

The recommended starting dose of methylphenidate hydrochloride extended-release 
capsule (LA) is 20 mg once daily, but when in the judgment of the clinician a lower initial dose 
is appropriate, patients may begin treatment with 10 mg. Dosage may be adjusted in weekly 10 
mg increments to a maximum of 60 mg/day taken once daily in the morning, depending on 
tolerability and degree of efficacy observed. Daily dosage above 60 mg is not recommended. 
 
7.1.3 Methylphenidate hydrochloride (tablet, extended release; oral) 
Methylphenidate hydrochloride extended-release tablets should be taken once daily in the 
morning and swallowed whole with liquids. Tablets should not be chewed or crushed and may be 
taken with or without food.  

For children 6 years of age or older and adolescents new to methylphenidate, the 
recommended starting dosage is 18 mg once daily. Dosage may be increased by 18 mg/day at 
weekly intervals and should not exceed 54 mg/day in children and 72 mg/day in adolescents.  

For patients currently using methylphenidate, dosing is based on current dose regimen 
and clinical judgment. 
 
7.2 Duration of treatment 
 
ADHD is a chronic condition that shows variable courses over development (31). A systematic 
review of observational studies published in 2016 reported a persistence of the diagnosis across 
childhood and adolescence into early adulthood in around 50% (31). More recent studies find 
similar rates of persistence, but also emphasize that for many children and adolescents the 
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symptoms of ADHD can wax and wane with age, leading to periods of remission and recurrence 
(32, 33). Thus, it is important for the child or young person to have repeated assessments over 
time to assess the need for continued treatment with methylphenidate, as stated in the mhGAP 
guidelines. This approach also represents current best practice endorsed by other critically 
appraised guidelines such as the National Institute for Health & Care Excellence (NICE) (2). 

Considering the evidence base from RCTs comparing methylphenidate against placebo or 
no treatment, most studies have been conducted over periods of months, in general 3 months or 
less, with a mean duration of 67 days according to a recent Cochrane review (34). However, 
there have been some studies suggesting benefits of treatment over longer periods of 12- and 14-
month periods (35, 36). Furthermore, more recently there is evidence from a 7-week withdrawal 
discontinuation study supporting the continued efficacy of methylphenidate after at least 2 years 
of treatment (37). All these studies will be discussed in detail in Section 8.1 Long-term efficacy. 

As is true for all psychotropics, treatment duration cannot be based solely on the evidence 
from RCTs, as most RCTs last for periods that are much shorter than therapeutic need. It is thus 
also important to consider ‘real world’ observational data. A recent study compiled 
pharmacoepidemiologic surveys of methylphenidate adherence considering population-based 
databases from Australia, Denmark, Hong Kong, Iceland, the Netherlands, Norway, Sweden, the 
UK, and the USA (38). It indicated that individuals took methylphenidate for between (median 
[interquartile range, IQR]) 142 days [42, 473] in the USA (shortest duration) and 426 days [181, 
1,037] in Norway and 432 days [130, 1,081] in the UK (longest durations). Over the  5-year 
follow-up, only 24% (95% confidence interval [CI] 18% to 30%) of children (4-11 years) and 
9% (95% CI 6% to 12%) of adolescents (12-17 years) had remained consistently on treatment, 
with no periods of discontinuation. When accounting for re-initiation, the percentage of children 
and adolescents covered by treatment raised to 50-60% and 30-40%, respectively. This finding 
indicates that many individuals re-initiated methylphenidate during the 5-year period, 
presumably due to recurrent symptoms. Such findings emphasize the need for regular (e.g., at 
least annual) reassessment of the need for methylphenidate, in line with current best practice, 
reflected in international and national guidelines, such as the mhGAP guidelines and NICE.  
 
7.3 Requirements to ensure appropriate use of the medicine 
 
To ensure appropriate use of the medicine, all the following requirements should be met: 
 
7.3.1 Patient eligibility criteria 
Patients must be at least 6 years old and younger than 18 years old. 
 
7.3.2 Diagnostic requirements 
Patients must have a diagnosis of ADHD according to criteria outlined in ICD-11 or the DSM-5. 

As discussed above, the diagnosis of ADHD should be made by a licensed professional 
with training and expertise in diagnosing ADHD. During the assessment, attention should be 
paid to psychosocial factors to ensure that symptoms do not merely reflect responses to 
situational factors that can be rectified. Similarly, a psychosocial perspective can help with the 
assessment of the degree of impairment across contexts (such as at home, at school, and with 
peers) that is due to ADHD symptoms specifically. While not a diagnostic requirement in ICD-11 
or DSM-5, the mhGAP guidelines recommend that the practitioner should ensure that the 
symptoms do not respond to measures such as adapting features in the child’s environment, 
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including learning. There are no other diagnostic tests, such as neuropsychological testing, 
genetic tests, or neuroimaging. Relatedly, the diagnosis cannot be made through symptom rating 
scales alone.  

If history and/or examination suggest risk for cardiovascular disorder (for example, a 
family history of sudden death or ventricular arrhythmia, high blood pressure), further cardiac 
evaluation (e.g., electrocardiogram and consultation with cardiology specialist) is needed prior to 
starting methylphenidate.  
 
7.3.3 Treatment administration requirements and setting  
Preparations of methylphenidate are discussed earlier. The medication can be taken at home in 
the child or adolescent’s usual setting. Special restrictions on the prescription of the medication 
arising from the possible nonmedical use and diversion of methylphenidate are considered in 
Section 8.5. 
 
7.3.4 Required skill levels of healthcare providers and their availability.  
As stated above, patients must be evaluated and diagnosed by, or in consultation with, a 
specialist -- that is, a professional with training and expertise in the evaluation and treatment of 
children and adolescents with psychiatric disorders.  

The formal training will vary by nation, but mental health care specialists trained in 
diagnosis and pharmacological treatment of childhood ADHD may include child and adolescent 
psychiatrists, general psychiatrists, pediatricians, primary care physicians, and in some nations, 
nurses with specialized training and clinical psychologists.  

The requirement for diagnosis and management either by or under supervision by 
specialists reflects the need to ensure that behavioral symptoms are not better explained by other 
conditions, do not merely reflect transient responses to temporary situational factors, and cause 
enough impairment across contexts to warrant medical intervention. 

In considering the feasibility of such specialist provision or supervision, we note data 
from the WHO Mental Health Atlas 2020. It reports that the median number of mental health 
workers for children and adolescents per 100,000 population ranged between 0.2 workers and 1 
worker in all WHO regions apart from the Region of the Americas (8.6 mental health workers 
per 100,000 population) and the European Region (12.5 mental health workers per 100,000 
population). There was also disparity by income group, with 0.01 workers per 100,000 
population in low-income countries compared to nearly 20 workers per 100,000 population in 
high-income countries. Of these workers, psychiatrists were a minority across all settings. Thus, 
it is important that a broader range of specialists (such as pediatricians, general psychiatrists, 
primary care physicians, and allied professions) continue to build capacity in the assessment and 
management of psychiatric disorders, including ADHD, in children and adolescents. 

Partly reflecting moves to integrate child and adolescent psychiatric care within primary 
care settings (in line with Alma-Ata Declaration in 1978 and the Astana Declaration in 2018), 
there is an increasing capacity for providing pharmacological treatment in primary care settings, 
when such treatment is indicated. As an example, the proportion of specialists providing training 
and supervision to primary health care colleagues was high and increasing (81% of countries 
reporting such supervisory activity in 2020), and the number of primary care centers that offered 
pharmacological treatment increased (with 39% of countries attaining the target level of 75% of 
primary care centers offering pharmacological options).  Members of the panel preparing this 
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application confirm that initiatives are underway to upskill relevant practitioners to expand the 
pool of professionals who are skilled in prescribing and monitoring methylphenidate.  
As part of ongoing efforts to scale up child and adolescent mental health provision, the WHO 
mhGAP guidelines were revised in 2023, and it emphasizes supervision and training by 
specialists of those in primary care settings to allow a scaling up of the management of childhood 
mental health conditions. Accordingly, as discussed later, the mhGAP guidelines reinforced the 
importance to consider the health system’s capacity to enforce and implement protocols for 
ADHD diagnosis, to prescribe and initiate methylphenidate by or in close consultation with a 
specialist, and to ensure careful clinical monitoring for side-effects, clinical response, adherence, 
treatment acceptability, and dose adjustment. 
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SECTION 8: REVIEW OF EVIDENCE FOR BENEFITS AND HARMS. 
 
In this section, we provided a summary of the best available evidence to support the efficacy, 
effectiveness, and safety of methylphenidate for ADHD in children and adolescents aged 6 to 17 
years. Following the instructions for applicants preparing a submission for the 2025 meeting of 
the WHO Expert Committee, our summary emphasizes control conditions such as no treatment 
or placebo because there are no medicines specifically included on the WHO Model List of 
Essential Medicines for the treatment of ADHD in this population group. For completeness, we 
also summarize findings from head-to-head trials and/or network meta-analysis covering other 
pharmacological interventions (that are not available in the model list) and/or non-
pharmacological interventions. 

We prioritized evidence stemming from systematic reviews and meta-analyses. Where 
not available, we discuss evidence originating from single RCTs and non-randomized and/or 
observational studies. We highlight studies that were published in 2022 or after, given the 
evidence summarized in the previous applications in 2019 and 2021. 

We also respond to the comments made from expert reviews of the previous application 
(https://www.who.int/groups/expert-committee-on-selection-and-use-of-essential-
medicines/23rd-expert-committee/a21-methylphenidate) and associated commentary (39-46) on 
the benefits and risks of methylphenidate, specifically regarding: 

• the evidence for the efficacy, effectiveness, and safety of long-term (i.e., duration longer 
than 6 months, and ideally over 12 months) treatment with methylphenidate for children 
and adolescents with ADHD. 

• general concerns about the quality of evidence, particularly those that have been raised by 
the previous Cochrane reviews, including its recent update in 2023 (34, 47). 
 For the identification of relevant references based on RCTs and/or meta-analyses of their 

data, the search terms outlined in Box 1 were adopted in PubMed, yielding 1,683 records on 
August 31, 2024. Records had a preliminary screening, and those judged to be relevant were 
considered for inclusion. For observational studies, we identified records through manual 
searches in PubMed and Google scholar. In total 46 references - all cited below - are considered 
as part of the presentation of efficacy, efectiveness, and safety of methylphenidate for children 
and adolescents with ADHD. 
Box 1. Search terms used to identify evidence of benefits and harms in PubMed 
(Attention Deficit Disorder with Hyperactivity[mesh:noexp] OR "attention deficit hyperactivity 
disorder"[tiab] OR "attention deficit disorder"[tiab] OR ADHD[tiab] OR ADD[tiab] OR 
"hyperkinetic disorder"[tiab] OR HKD[tiab]) AND ((randomized controlled trial[pt] OR 
controlled clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR clinical trials as 
topic[mesh:noexp] OR randomly[tiab] OR trial[ti]) NOT (animals[mh] NOT humans[mh])) AND 
(Methylphenidate[mesh:noexp] OR Dexmethylphenidate[mesh:noexp] OR 
Dexmethylphenidate[tiab] OR Methylphenidate[tiab]) 
 
8.1. Long-term efficacy and effectiveness  
 
8.1.1 Randomized controlled trials with treatment duration longer than 6 months 
Our literature review identified only two RCTs with a methylphenidate treatment duration of 6 
months or longer (35, 36). Both studies were published before the previous application was made 
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but are discussed in detail in this application in response to concerns over evidence pertaining to 
longer term benefits and risks of methylphenidate treatment. Details of the studies are given in 
Table 1.  

The Multimodal Treatment of ADHD (MTA) study enrolled 579 children (7 to 9.9 years 
old) into a RCT for 14 months that contrasted intensive medication management (mostly 
methylphenidate) with or without intensive behavioral treatment against intensive behavioral 
treatment only and treatment as usual (referred to the community for treatment, two-thirds of 
whom received stimulant prescriptions). Of the 289 participants randomized to medication 
management (in combination with behavioral therapy or alone), 212 (73.4%) remained on 
methylphenidate for 14 months, with an additional 37 (13.1%) switching per protocol to another 
medication (mostly dextroamphetamine). Considering the question of whether closely managed 
medication improved upon the effects of behavioral treatment (combined treatment compared to 
behavioral treatment), intention-to-treat analyses found that at 14 months those on combined 
treatment experienced a greater decrease in teacher-ratings of inattention (standardized mean 
difference [SMD] -0.45; 95% CI -0.7 to -0.2), as well as parent-ratings of inattention (SMD -
0.57; 95% CI -0.81 to -0.32), hyperactivity-impulsivity (SMD -0.58; 95% CI -0.82 to -0.33), and 
aggression (SMD -0.42; 95% CI -0.66 to -0.17) compared to those in behavioral treatment. 
Combined treatment did not outperform behavioral treatment on teacher ratings of hyperactivity-
impulsivity and aggression; classroom observer ratings of hyperactivity-impulsivity and 
aggression. Methylphenidate was administered at a mean dose of 31.2 mg/d in the combined 
treatment arm. The largest treatment effects emerged during the first 50-100 days and were 
maintained until endpoint at 14 months. 

This study provides evidence of symptom reduction over 14 months, with some caveats.  
First, only around 73% of participants randomized to methylphenidate were maintained on this 
medication at the RCT endpoint, when recommendations for post-study care were made, with the 
remaining participants being switched to other pharmacological or non-pharmacological 
intervention. While most of those switches were within the protocol (which was broadly 
construed as optimal medication management), it nonetheless has an impact on the conclusions 
pertaining to methylphenidate specifically. Second, the RCT medication management arm was 
intensive due to monthly 30-minute clinic visits and collection of parent and teacher ratings with 
dose adjustments as needed; therefore, some effects of the MTA medication treatment arm may 
be due to non-specific effects of frequent doctor visits. Third, knowledge of intervention could 
have influenced outcome assessment. However, there are no strong reasons to assume that it did, 
as empirical data from meta-epidemiological and meta-analytical studies are at odds regarding 
the extent to which lack of blinding contributes to exaggerated comparative treatment effects, 
including for subjective outcomes (48-52).  

A second RCT conducted in Mexico investigated the effects of methylphenidate for a 
treatment duration of 12 months. Ninety children aged 6 to 12 years of age with a diagnosis of 
ADHD were randomized to omega-3/6 fatty acid supplementation, methylphenidate, or their 
combination. Methylphenidate was administered in a flexible-dose design with mean dose 0.8 
mg/kg/day. In intention-to-treat analyses, those taking methylphenidate alongside omega-3/6 
showed more improvement compared to those only taking omega-3/6 in ADHD symptoms 
reported by the parents (SMD -0.51; 95% CI -1.03, 0). Treatment effects of methylphenidate 
were seen initially in the first 3 months and then maintained throughout the follow-up until the 
endpoint at 12 months.  
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This study also had certain limitations. For instance, there were differential rates of 
discontinuation across arms due to the health status of participants, which may contribute to bias. 
Specifically, 7% of those taking methylphenidate alongside omega-3/6 and 20% of those only 
taking omega-3/6 discontinued the study due to adverse events or no efficacy. The absence of 
blinding in this study may also be a potential limitation (34).   

 
8.1.2 Other relevant randomized controlled trials 
Also of relevance to long-term efficacy are RCTs that randomize participants stabilized on 
methylphenidate to either discontinuation or continuation of medication (37). One such study 
enrolled 104 youth (ages between 8 and 17 years old) who were taking methylphenidate for a 
mean of 4.5 years (SD 1.5). These children were then randomized to either continued active 
medication for 7 weeks or to gradually discontinue to placebo over a 3-week period, which was 
then followed by 4 weeks of complete placebo. The study found superior outcomes in those who 
remained on methylphenidate. Specifically, those who stopped methylphenidate showed greater 
ADHD symptoms severity at endpoint, as rated by teachers (mean difference [MD] -6.6; 95% CI 
-9.5 to -3.7; SMD -0.52) and investigators (MD -4.6; 95% CI -8.7 to -0.6; SMD -0.23). 
Relatedly, 40.4% of those randomized into stopping medication had investigator-rated worsening 
in overall functioning. Three other studies incorporated the randomized discontinuation of 
methylphenidate and overall found a worsening of symptoms following cessation, providing 
broad support for the efficacy of stimulants to treat ADHD (53).  The length of time that these 
children had been on methylphenidate varied considerably between study (from one year to a 
week) and in most studies there was a minority of children and adolescents with ADHD who did 
not relapse or deteriorate when taken off medications for ADHD.  The findings of these 
randomized discontinuation studies are also limited by features such as participants perhaps 
being functionally unblinded due to subject-perceived effects of stopping the medicine.  
Nonetheless, they provide some indirect evidence that methylphenidate may continue to be 
effective in reducing symptoms in the longer term insofar as symptoms worsen in those 
randomized to discontinuation (placebo).  
 
8.1.3 Observational studies 
Since the last application, two pharmacoepidemiologic studies demonstrated reduced mortality, 
in particular due to reduced non-accidental injuries, amongst those receiving medicines for 
ADHD (including methylphenidate) in Sweden and Canada (54, 55). 

The first study, conducted in Sweden, adopted a target emulation trial design considering 
a nationwide cohort of individuals aged 6 through 64 years with an incident diagnosis of ADHD 
between 2007 and 2018, who were medication naive prior to their diagnosis. Individuals were 
followed up for 2 years after the ADHD diagnosis, unless they died or emigrated, or until the end 
date of the study (December 31, 2020). The outcomes were all-cause mortality, as well as 
natural-cause and unnatural-cause mortality. The crude 2-year all-cause mortality rate was lower 
among those who initiated ADHD medications within 3 months of the ADHD diagnosis (n = 
84,204 individuals) versus those who did not (n = 64,296) (17.3 versus 31.8 per 10,000 
individuals). There was only evidence for a reduction in unnatural-cause mortality (-7.4 per 
10,000; hazard ratio [HR] 0.75, 95% CI 0.66, 0.86) and no evidence for a reduction in natural-
cause mortality (-1.6 per 10,000; HR 0.86, 95% CI 0.71, 1.05). In subgroup analyses, this 
significant association with lower rates of all-cause and unnatural cause mortality held in 
children and youth (6-24 years old). 
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The second study, in Canada, followed a cohort of 217,192 individuals aged ≤ 24 years 
with a diagnosis of ADHD or who had filled a prescription for an ADHD medication, including 
methylphenidate, between April 1, 2000 and March 31, 2021. The outcomes were mortality from 
all causes, unintentional injuries leading to hospitalizations, and unintentional injuries leading to 
emergency department admissions. The findings indicated that ADHD medication use was 
associated with reduced risk of all-cause mortality (HR 0.61; 95% CI 0.48, 0.76), unintentional 
injuries leading to hospitalization (HR 0.71; 95% CI 0.68, 0.75), and unintentional injuries 
leading to emergency department visits (HR 0.75; 95% CI 0.74, 0.77). 

Additionally, a systematic review that was published in 2020 – but was not discussed in 
previous applications – evaluated the associations between ADHD medications and functional 
outcomes (56). The review identified 40 studies, mostly register-based case-cohorts. Their 
findings indicated that methylphenidate was associated with decreased odds of worse academic 
outcomes (odds ratio [OR] 0.8; 95% CI 0.76, 0.84) and accidental injuries (OR 0.72; 95% CI 
0.59, 0.87). There was also some evidence of reduced risk of criminality, although the resulting 
effect was not statistically significant (hazard ratio 0.87; 95% CI 0.74, 1.02). 
 
8.1.4 Conclusions about evidence for long-term efficacy and effectiveness 
There are few RCTs examining long-term treatment (duration > 6 months) of methylphenidate 
for ADHD in children and adolescents aged 6 to 17 years old, and all had some methodologic 
limitations. Nevertheless, all available studies point toward reduced severity of ADHD 
symptoms over long periods of time as rated by parents, teachers, and/or independent 
investigators. 

Causal inferences about methylphenidate cannot be reliably made from observational 
studies.  Nonetheless, available pharmacoepidemiologic data provide important (and perhaps the 
only possible) evidence of the likelihood of beneficial 'real-world’ functional outcomes 
associated with long-term use of methylphenidate. Such data bolster evidence from RCTs 
examining long-term effects. 
 
8.2 Short-term efficacy  
 
8.2.1 Core ADHD symptoms 
Evidence from RCTs comparing methylphenidate against placebo, mostly of 3 months duration 
or less, have been extensively reviewed in the prior applications.  

However, here we consider a 2023 update of the Cochrane systematic review and 
pairwise meta-analysis evaluating methylphenidate for ADHD against placebo/no treatment for 
children and adolescents (aged 18 years and younger) (34).  

The updated review included data from 28 additional RCTs compared to the 2015 version 
of the review. The authors evaluated efficacy considering teacher, independent assessor (mostly 
clinicians), and parent reports of ADHD symptoms. Most RCTs were conducted in the short-term 
(mean duration 67 days). This meta-analysis found large treatment effects for methylphenidate 
over placebo/no treatment for teacher-, independent assessor-, and parent-rated ADHD 
symptoms. However, the Cochrane review authors rated the overall quality of the evidence for 
methylphenidate considering teacher-rated symptoms as of ‘very low’ certainty using the 
GRADE approach, a concern that has been echoed in the commentary from the Expert Panel in 
the previous application.  
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We will first present the key findings and then discuss the quality of evidence and 
arguments in favor of a higher rating of moderate certainty versus the one of very low certainty 
that was given by the Cochrane review authors. We will base our rationale on the same data that 
were presented in the Cochrane review (34).  
 
Teacher-rated ADHD symptoms 
The meta-analysis included data from 21 parallel RCTs (including pre-crossover arms), all 
published prior to 2020, and 1,728 participants. It indicated a moderate-to-large treatment effect 
in favor of methylphenidate (standardized mean difference [SMD] -0.74; 95% confidence 
interval [CI] -0.88 to -0.61). There was only low-to-moderate heterogeneity (tau2 0.03; I2 38%). 
There was slight asymmetry at visual inspection of funnel plots, and the Egger regression test 
was not significant (t -0.23; p 0.81). The quality of evidence was rated in the Cochrane review as 
“very low”, downgraded two levels due to high risk of bias and one level due to moderate 
statistical heterogeneity. 
  
Independent assessor-rated ADHD symptoms 
The meta-analysis included data from 22 parallel RCTs (including pre-crossover arms), including 
three RCTs published in 2020, and 3,724 participants. It indicated a large treatment effect in 
favor of methylphenidate (SMD -1.1; 95% CI -1.44 to -0.7). There was high heterogeneity (tau2 
0.58; I2 95%). There was no assessment of publication bias. The outcome was not graded in 
terms of quality of evidence. 
 
Parent-rated ADHD symptoms 
The meta-analysis included  data from 27 parallel RCTs (including pre-crossover arms), all 
published prior to 2020 and two unpublished studies, and 2,927 participants indicated a moderate 
treatment effect in favor of methylphenidate (SMD -0.63; 95% CI -0.76 to -0.5). There was 
moderate-to-high heterogeneity (tau2 0.06; I2 58%). There was no assessment of publication bias. 
The outcome was not graded in terms of quality of evidence. 
 
Ratings of certainty of evidence 
As noted above, the evidence for teacher-reported ADHD symptoms was rated as being of ‘very 
low’ quality in the Cochrane review. This rating has stimulated discussion, and we summarize 
below considerations, raised by other researchers, that the evidence should be graded as being of 
moderate quality (57, 58), particularly in view of recent revisions of the Cochrane risk of basis 
tools (Risk of Bias 2 tool).  

In the Cochrane review, the evidence was downgraded by two levels due to risk of bias, 
specifically a lack of sufficient blinding and selective outcome reporting. Considerations about 
the impact of blinding were made above when discussing the long-term efficacy in Section 8.1. 
In brief, while we agree that knowledge of intervention could have influenced outcome 
assessment, meta-epidemiologic studies are at odds regarding the extent to which lack of 
blinding contributes to exaggerated comparative treatment effects, including for subjective 
outcomes (48-52). The rating of ‘high’ risk of bias assumes that knowledge of intervention likely 
biased findings and this is not a settled point.  

Additionally, it is noteworthy that methylphenidate was efficacious with no significant 
differences between studies judged to be at low versus high risk of bias (Chi2 0.13; p 0.71). It has 
been (46) argued that this lack of difference between RCTs at different risk of bias could be 
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indicative of functional unblinding due to adverse events. In other words, studies that were 
judged at low risk of bias in the Cochrane risk of bias would actually be of high risk of bias 
because of ‘deblinding’. However, the hypothesis of deblinding is untestable based on the current 
data and may thus not be suitable grounds for declaring presence of high risk of bias and 
downgrading of evidence quality.  

The Cochrane review also showed that most domain-level ratings across the studies 
included in the meta-analyses were rated at ‘low’ or ‘unclear’ risk of bias (Figure 1 below is 
reproduced from the Cochrane review and shows domain-level ratings). The GRADE approach 
outlined in its handbook recommends that, in this setting, the quality of evidence should either 
not be downgraded or downgraded by one level. 

 

 
Figure 1. Risk of bias ratings in the Cochrane review (34). 

In short, the downgrading of evidence by two levels due to risk of bias alone, could be 
viewed as overly stringent, subjecting RCTs to a level of scrutiny that is not generally applied 
across other medications and interventions. Downgrading the quality of evidence by one level 
due to risk of bias may be more appropriate. 

With regards to heterogeneity, the decision to downgrade quality of evidence is also 
arguable as evidence from tau2 only indicates low-to-moderate heterogeneity considering the 
empirical distribution of tau2 instead of solely relying on I2 (59, 60). The GRADE approach only 
recommends downgrading the quality of evidence in the presence of large heterogeneity. 
Therefore, not downgrading quality of evidence may be considered appropriate. 

Hence, when considering all of these points together, it could be argued that evidence 
should be downgraded by one level only due to some concerns about study limitations (risk of 
bias), and the resulting evidence for the short-term efficacy of methylphenidate against 
placebo/no treatment measured by teacher-reported ADHD symptoms could be declared to be of 
“moderate’ certainty (see below GRADE table outlining each decision). 

 
Number of 
studies 

Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Relative 
effect 

Certainty 

21 Randomised 
trials 

Serious1 Not serious2 Not serious Not 
serious3 

Not 
suspected4 

-0.74 (-
0.88, -
0.61) 

Moderate 

1 most information is from studies at low or unclear risk of bias, and potential limitations are likely to lower confidence in the 
estimates of effect 
2 low-to-moderate heterogeneity (tau2 0.03; I2 38%) 
3 OIS 580 for Cohen’s d 0.3 with alpha 0.05 and beta 0.05 (95% power) 
4 No asymmetry in funnel plot; Egger regression test not significant 
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8.2.3 Other short-term efficacy outcomes.  
Since the last application, other systematic reviews and meta-analyses have also considered 
associations between methylphenidate treatment and both neurocognitive function and academic 
achievement. 
 For neurocognitive functions, a systematic review and meta-analysis published in 2022 
included placebo-controlled trials that investigated methylphenidate in children and adolescents 
(aged 5-18 years) with ADHD. The study found 31 RCTs comprising 804 people with ADHD 
and reported that methylphenidate had beneficial effects on all neurocognitive functions (SMD 
range 0.2 to 0.73). Most studies included those who were prescribed methylphenidate for short 
periods of time.  There was no evidence of heterogeneity (I2 0%) for all but one cognitive 
domain. There was no evidence of publication bias considering inspection of funnel plots or the 
Egger regression test. All studies were rated as having low risk of bias (61). 
 For academic achievement, a systematic review published in 2019 included data from 34 
RCTs and 1,777 children (at least 80% of the samples primary school children) with ADHD to 
assess the comparative effects of methylphenidate against placebo on different academic 
performance outcomes. For math accuracy, a small effect was found (29 studies; 1528 
participants; risk difference [RD] 3%; 95% CI 1.2%, 4.8%); the effect for math productivity was 
larger, as expected (17 studies; 912 participants; RD 7.8%; 95% CI 4.3%, 11.2%).  The effect for 
number of reading items attempted (five studies; 100 participants; SMD 0.47; 95% CI 0.30, 0.64) 
was a moderate-sized significant effect in favor of methylphenidate. For reading accuracy, the 
meta-analysis indicated a small treatment effect that was nonetheless non-statistically significant 
(nine studies; 207 participants; RD 6.2%; 95% CI -0.9%, 13.4%). For all outcomes, there was no 
evidence of heterogeneity (I2 0%) nor publication bias (62).  Thus, effects of methylphenidate on 
academic performance are stronger for productivity than accuracy, but these results were limited 
to short-term trials between 1 and 7 days and do not test cumulative impact of productivity on 
longer term achievement.  Additionally, academic testing, by its nature, includes high levels of 
attention and reinforcement in-the-moment and reduces the opportunity to observe effects of 
medication.  As stated earlier, the impracticalities of assigning children to a placebo condition for 
multiple months creates an ethical barrier to further testing of this question. 
 For aggressive behavior and emotional dysregulation/irritability, we did not identify 
recent systematic reviews or meta-analyses. Intent-to-treat analyses from the Multimodal 
Treatment Study of ADHD (MTA) indicated that medication management did not differ from 
community care with regard to irritability across the 14-month RCT (63). There is evidence from 
uncontrolled trials that aggressive behavior may substantially diminish with methylphenidate 
treatment (64, 65), but the evidence is very weak in the absence of a randomized control group. 
 
Comparison with other medications licensed for ADHD but not available on the EML or EMLc 
A systematic review and network meta-analysis reported on the comparative effects of 
pharmacological interventions for children and adolescents (ages 5-17 years) with ADHD (66).  
In terms of head-to-head comparisons, for ADHD core symptoms rated by clinicians closest to 
12 weeks, methylphenidate was superior to atomoxetine (-0.22; -0.39 to -0.05, low), but inferior 
to amphetamines (0.24; 0.05, 0.44, low), and not different from bupropion (-0.18, -0.9 to 0.54, 
very low), clonidine (0.07, -0.42 to 0.56, very low), and guanfacine (0.11, -0.13 to 0.34, low). 
For ADHD core symptoms rated by teachers, there were no differences between methylphenidate 
and bupropion (0.5, -0.17 to 1.17, low) or guanfacine (0.18, -0.86 to 1.22, very low). 
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 In terms of discontinuations due to adverse events, amphetamines (odds ratio [OR] 2.30, 95% CI 
1.36–3.89) and guanfacine (2.64, 1.20–5.81) were inferior to placebo in children and 
adolescents. With respect to tolerability, in children, only amphetamines and guanfacine were 
less well tolerated than placebo; methylphenidate was not tolerated more poorly than placebo.   
Therefore, when considering both efficacy and tolerability, the authors of the review concluded 
that methylphenidate in children and adolescents should be first-line pharmacological 
interventions for ADHD (6). 
 
8.2.4 Overall conclusions about evidence for short-term efficacy 
RCTs indicate that methylphenidate is associated with moderate-to-large (SMD -0.7) reductions 
of symptoms as rated by teachers, parents and clinicians, and in domains such as academic and 
neurocognitive functioning. 
 
8.3. Long-term safety 
 
In response to the concerns raised by the previous expert panel, we focus on adverse events that 
occur in the longer-term on methylphenidate.  
 
8.3.1 Serious adverse events 
Both the RCTs of long-term treatment (discussed above) and an observational study of long-term 
methylphenidate treatment (ADDUCE, discussed below) (67) found no association between 
methylphenidate treatment and serious AEs. 
 
8.3.2 Cumulative exposure concerns 
There have been concerns around possible effects on growth and cardiovascular health arising 
with long-term methylphenidate treatment.  
 
Growth. 
It has been hypothesized that methylphenidate might suppress growth, through mechanisms such 
as the suppression of appetite and hence decreased caloric intake, or endocrine effects (68). 

A systematic review and meta-analysis published in 2021 of eighteen observational 
studies (4,868 participants) evaluated the associations between somatic growth and long-term 
methylphenidate treatment (69). Average daily dosage of methylphenidate across studies was 
29.93 (SD 12.14) and all associations were considered long-term (> 6 months) exposure to the 
medicine. The meta-analyses indicated statistically significant associations between 
methylphenidate and decreased height Z-score (SMD -0.27; 95% CI -0.38 to -0.16) and weight 
Z-score (SMD -0.33; 95% CI -0.44 to -0.22). These estimates translated to slowing of height 
gain by approximately 1.39 cm and of weight gain by approximately 1.96 kg for a 10-year-old 
boy over a 2-year period. The most prominent impacts on weight were seen during the first 12 
months and on height within the first 24-30 months. These findings indicated that long-term 
treatment with methylphenidate might be associated with slight growth deficit, particularly for 
height.  

These findings are in line with those reported for the longitudinal cohort established with 
participants from the MTA, published in 2019 but not discussed in detail in the previous 
application (70). Specifically, children who were consistently treated with methylphenidate and 
other stimulants from ages 7-9.9 years through adolescence were found by mean age 24.7 to be, 



 25 

on average, 4.06 cm shorter than children who were not treated (‘negligible’) and 2.74 cm 
shorter than children who were inconsistently treated across the same period. 

However, a naturalistic, longitudinal study published in 2023 reported that 
methylphenidate treatment was not associated with alterations in somatic growth (67). This trans-
European observational cohort (henceforth ADDUCE) of 1,410 youth (6-17 years) with ADHD, 
of whom 756 were treated with methylphenidate, reported on the safety profile of long-term (2-
year) methylphenidate treatment. It found no difference in height velocity at any time point 
between those taking and not taking methylphenidate. Weight velocity showed an initial slowing 
at 6 months in the methylphenidate group, but no differences were seen after this point. There 
were no group differences with respect to body mass index (BMI) at any time point. 

Other recent studies also argue for caution in asserting causal effects between 
methylphenidate and reduced growth. Specifically, a recent register-based quasi-experimental 
and family-based study from Sweden, published in 2023, indicated that ADHD was associated 
with shorter height before and after ADHD medications were available in the country (71). 
Additionally, the association between ADHD and shorter height was also partly explained by 
prenatal factors, psychiatric comorbidities, low socioeconomic status, and shared familial 
liability between ADHD and short height. 

Taken together across these studies, considering methodological limitations collectively, 
the data suggest that there is value in monitoring growth in order to be aware of any medication-
induced changes in height and weight that should be weighed against treatment benefits. 
 
Cardiovascular safety 
Because methylphenidate can increase both heart rate and diastolic blood pressure acutely (as 
discussed below), there have been concerns that, over the long-term, children and adolescents 
with ADHD receiving this medicine may be at increased risk of cardiovascular events. 

Some of the most pertinent data on long-term treatment, not discussed in detail in the 
previous application, stems from the MTA study (72), which found that, after the 14-month 
treatment period, children who received combined treatment had a higher heart rate than those 
treated with behavioral therapy alone at the study endpoint (mean [standard deviation] 84.6 
[12.2] versus 79.1 [12], p = 0.01). There were no treatment effects on either systolic or diastolic 
blood pressure. 

Considering observational studies, a systematic review and meta-analysis published in 
2022 synthesized evidence on possible associations between methylphenidate (and other ADHD 
medications) and a broad range of cardiovascular events (73). Nineteen studies and 3,931,532 
participants were included across the analyses. Of these, 14 were cohort studies, and the median 
follow-up time was 1.5 years (range 0.25, 9.5 years). Pooled adjusted relative risk (RR) did not 
show statistically significant associations between ADHD medication use and any cardiovascular 
events among children and adolescents (RR 1.18; 95% CI 0.91, 1.53). Unfortunately, tau2 was not 
provided, which limits the extent to which inferences on heterogeneity can be made considering 
the large number of participants included in the analyses (59). There was no evidence of 
publication bias. 

More recently, ADDUCE (described above) (67) reported a greater increase in systolic 
and diastolic blood pressure in the methylphenidate group compared with the no-
methylphenidate group at 6, 12, and 24 (but not 18) months from baseline. Pulse rate increased 
more in the methylphenidate group than in the no-methylphenidate group at 12 and 24 months, 
but not at 6 or 18 months. 
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Also more recently, a Swedish register-based investigation evaluated the long-term 
outcomes of methylphenidate (and other ADHD medications) in a case-control study nested 
within a cohort of 258,835 individuals with ADHD aged 6 to 64 years living in Sweden (2007-
2020) (74). All cases with an incident diagnosis of any cardiovascular disease (including 
ischemic heart diseases, cerebrovascular diseases, hypertension, heart failure, arrhythmias, 
thromboembolic disease, arterial disease, and other forms of heart disease) were identified. The 
analysis retained 10,388 individuals with ADHD who had a cardiovascular event, and those were 
demographically matched with 51,672 individuals with ADHD and without a cardiovascular 
event. Both case and control groups had a median follow-up period of 4.1 years (IQR 1.9, 6.8). 
In line with the findings from the systematic review, there were no differences across groups 
regarding previous ADHD medication use (83.9% versus 83.5% in cases and controls, 
respectively). Methylphenidate was the most dispensed medication (76.2% and 76.1% were users 
amongst cases and controls, respectively). However, when considering cumulative duration of 
medication use, there was evidence for an increased risk of cardiovascular events with longer 
cumulative duration of ADHD medication use compared to nonuse (OR [95% CI] 0 to ≤1 year: 
0.99 [0.93, 1.06]; 1 to ≤2 years: 1.09 [1.01, 1.18]; 2 to ≤3 years: 1.15 [1.05, 1.25]; 3 to ≤5 years: 
1.27 [1.17, 1.39]; >5 years: 1.23 [1.12, 1.36]). This finding was similar when focusing on 
children, adolescents, and young adults (age < 25 years old) versus older adults (age ≥ 25 years 
old). When considering specific cardiovascular events, a significant association was found for 
hypertension and arterial disease, but not arrhythmia, heart failure, ischemic heart disease, 
thromboembolic disease, or cerebrovascular disease. Additionally, associations were only seen at 
the higher doses, albeit those analyses were not stratified between children/adolescents and 
adults. 

To address the potential issue of unmeasured confounding in between-person analyses, a 
follow-up population-based Swedish register study adopted a self-controlled design and 
compared rates of cardiovascular events (ischemic heart disease, cerebrovascular, 
thromboembolic, heart failure, arrythmias) 1 year before methylphenidate and after 6 months of 
methylphenidate treatment (75). In Bayesian analyses, there was evidence of a 10% increased 
risk of cardiovascular events in individuals receiving methylphenidate compared with matched 
controls after 6 months of treatment. The probability of finding a methylphenidate related 
difference in risk decreased when considering risk levels of 20% or larger. The authors of this 
study interpreted the findings as indicative of a small, not marked, elevation in risk in those 
taking methylphenidate for 6 months.  This study did not consider children (only 12 years and 
above were included) and lacked data on dosage effects (which emerge as important in other 
studies of cardiovascular risk).   

Taken together across these studies, considering methodological limitations collectively, 
once again the data suggest that there is value in monitoring cardiovascular parameters (e.g., 
heart rate, blood pressure) in order to be aware of any medication-induced changes in the 
cardiovascular system that should be weighed against treatment benefits. 
 
8.3.3 Psychiatric/neurological adverse events  
In ADDUCE, suicidal ideation and behavior was not associated with methylphenidate (3.17% in 
the methylphenidate group and 0.77% in the no methylphenidate group at 6 months,  a non-
significant difference after adjusting for baseline differences across groups) (67). The finding 
that methylphenidate treatment was not associated with increased suicidal behavior is in line 
with evidence from register-based studies (76). 
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Additionally, parent- and child-ratings of mood improved in those taking 
methylphenidate compared to the no methylphenidate group after 24 months of treatment in 
ADDUCE (67).  

Lastly, the prevalence of psychotic-like symptoms decreased for both groups and there 
were no significant differences between groups in ADDUCE (67). These data align with the 
evidence from Swedish registry studies that do not support an association between 
methylphenidate and psychosis when comparing periods on- and off-medicine within an 
individual (77). 
 
8.4. Short-term safety 
 
8.4.1. Non-serious adverse events 
The Cochrane review published in 2023 (34) included data from 35 parallel RCTs (including pre-
crossover arms) and 5,345 participants. It indicated a 23% higher risk of non-serious adverse 
events with methylphenidate compared to placebo (relative risk [RR] 1.23; 95% CI 1.11, 1.37). 
Heterogeneity was judged substantial (tau2 0.05, I2 72%). The quality of evidence was classified 
as “very low”, downgraded two levels due to high risk of bias and one level due to moderate 
statistical heterogeneity. 

With regard to specific groupings of non-serious adverse events, there was increased risk for 
the following non-serious adverse events: 

• Nervous system 
§ Headache (32 trials; 5,041 participants; RR 1.33; 95% CI 1.04, 1.70) 
§ Tension (1 trial; 60 participants; RR 23; 95% CI 1.42, 373.44) 

• Digestive system 
§ Decreased appetite (30 trials; 5,127 participants; RR 3.35; 95% CI 2.49, 4.50)  
§ Decreased weight (dichotomous) (11 trials; 2,001 participants; RR 5.44; 95% CI 

2.47, 11.98) 
§ Decrease in weight (continuous) (7 trials; 1,400 participants; SMD -1.13; 95% CI 

-1.4 to -0.85) 
§ Decrease in body mass index (BMI) (3 trials; 810 participants; SMD −1.00; 95% 

CI −1.26 to −0.73) 
§ Dry mouth (4 trials; 1057 participants; RR 3.79; 95% CI 1.26, 11.39) 

• Cardiovascular system 
§ Pallor (1 trial; 60 participants; RR 23; 95% CI 1.42, 373.44) 
§ Increase in pulse (13 trials; 2,205 participants; MD 3.86; 95% CI 2.09, 5.63) 
§ Increase in diastolic blood pressure (13 trials; 2,032 participants; MD 1.90; 95% 

CI 0.68, 3.11) 
• Sleep 

§ Trouble sleeping or sleep problems (15 trials; 2,620 participants; RR 1.62; 95% 
CI 1.18, 2.21) 

§ Insomnia (15 trials; 2,315 participants; RR 1.90; 95% CI 1.12, 3.22) 
§ Lower sleep efficiency percentage (time spent asleep while in bed) after treatment 

discontinuation (1 trial; 48 participants; MD 5.42; 95% CI 0.21, 10.63) 
• Other 

§ Excoriation (chronic skin-picking) (2 trials; 389 participants; RR 3.22; 95% CI 
1.20, 8.64) 
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Importantly, there was also no evidence of an association between several other non-
serious adverse events and methylphenidate. A comprehensive list of those is reported in 
“Analyses 7” of the Cochrane review (see pages 733 to 774 of the PDF document of the full 
review). 
 
Certainty of evidence 

As outlined below, we believe that “moderate” would be more appropriate classifications 
for the quality of evidence that was presented (see below GRADE table outlining each decision). 

• With regard to the risk of bias, the ratings were not calculated specifically for the non-
serious adverse events, and the extent to which it is sensible to extrapolate those from the 
efficacy outcomes is unclear. Additional considerations regarding risk of bias were also 
made above and are generally appropriate for this section as well. Taken together, it could 
be proposed as more appropriate that quality of evidence should not be downgraded, or at 
most it should be downgraded one level. 

• With regard to heterogeneity, a subgroup analysis indicated that stratified analyses by 
doses only found significant increased risk of non-serious adverse events in studies using 
high doses compared to low doses (RR [95% CI] 1.23 [1.14, 1.32] versus 1.02 [0.97, 
1.07]) and there was no residual heterogeneity within each subgroup (tau2 0, I2 0). This 
difference across subgroups was statistically significant (Chi2 18.52, p < 0.0001). The 
findings from the subgroup analysis are highly convincing considering evidence of 
dropouts due to side effects (see below). It could be proposed as more appropriate that 
quality of evidence should not be downgraded and that the estimates of the subgroup 
analyses should be considered. 
 

Number of 
studies 

Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision Publication 
bias 

Relative 
effect 

Certainty 

35 Randomised 
trials 

Serious1 Not serious2 Not serious Not 
serious3 

Not 
suspected4 

1.23 
(1.11, 
1.37) 

Moderate 

1 most information is from studies at low or unclear risk of bias, and potential limitations are likely to lower confidence in the 
estimates of effect 
2 heterogeneity could be explained by analyses accounting for doses, and the subgroup analyses are of high credibility 
3 OIS 1,310 for placebo proportion (437 in 1,000) and methylphenidate proportion (538 in 1,000) with alpha 0.05 and beta 0.05 
(95% power) 
4 Not formally assessed. 
 
8.4.2. Serious adverse events 

The Cochrane review published in 2023 (34) included data from 26 RCTs (including pre-
crossover arms) and 3,673 participants, mainly of short-term treatment studies. It indicated no 
association between methylphenidate and serious adverse events (RR 0.8; 95% CI 0.39, 1.67). 
The lack of association held for all bodily systems (see pages 720 to 723 of the PDF of the 2023 
Cochrane review). There was no evidence of heterogeneity (tau2 0, I2 0). The quality of evidence 
was classified as “very low”, downgraded two levels due to high risk of bias and two levels due 
to imprecision of the resulting effect size. 

As serious adverse events are rare, evidence from observational studies is considered for 
a comprehensive assessment of safety. A study population registry study from Hong Kong 
including 29,604 individuals aged 6-25 years who were prescribed methylphenidate between Jan 
1, 2001, and Dec 31, 2017 evaluated the associations between methylphenidate use and seizures 
through a within individual analysis (78). While seizures were a rare event, there was an 
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increased risk during the first 30 days of methylphenidate treatment compared with that during 
non-exposed periods, with an incidence rate ratio of 4.01 (95% CI 2.09, 7.68). However, no 
increase in risk was identified in the longer term- both during the following 31–180 days of 
treatment (1.13; 0.56, 2.25) or during subsequent treatment (1.38; 0.92, 2.07). 
 
8.4.3 Discontinuations due to adverse events 
Some systematic reviews and meta-analyses have also examined discontinuations due to adverse 
events as a proxy for tolerability (66). To some extent, this outcome may indicate the perceived 
risk-benefits of treatment in light of adverse events: if adverse events are more important than 
treatment benefits, participants in RCTs may discontinue the intervention because of adverse 
events. 

A systematic review and meta-analysis published in 2022 was conducted to evaluate the 
impact of methylphenidate dose and schedule (fixed versus flexible) on treatment outcomes in 
RCTs (79). A total of 57 placebo-controlled RCTs involving 5,414 children and adolescents aged 
5-18 years with ADHD were included. There was evidence for a significant dose-response 
association between stimulant dose and dropouts due to adverse events in fixed-dose trials, with 
a log-linear association indicating constant increments, on an exponential scale, in the risk of 
discontinuing treatment due to an adverse event for every 1 mg increase in dose of 
methylphenidate. These findings align with the evidence discussed above that the risk of adverse 
events may be more pronounced at higher doses. Additionally, a previous review found that 
methylphenidate did not differ significantly from placebo in rates of discontinuation due to 
adverse event (OR 1.44; 95% CI 0.90, 2.31) (66).  
 
A systematic review and network meta-analysis reported on the comparative effects of 
pharmacological interventions for children and adolescents (ages 5-17 years) with ADHD also 
considered some adverse events (66) that included all-cause discontinuation rates, 
discontinuation rates due to adverse events, as well as changes in weight and blood pressure.  It 
concluded that methylphenidate in children and adolescents should be first-line pharmacological 
interventions for ADHD, as its tolerability profile was more favorable than other medications 
used for childhood ADHD, particularly amphetamines and guanfacine  (66).   
 
8.5 Substance misuse 
8.5.1. Nonmedical use and diversion 
Nonmedical use of methylphenidate refers to its use for purposes other than those medically 
intended, and it includes misuse for recreational purposes and/or performance enhancement 
without a physician prescription. Diversion is defined as the channeling of methylphenidate from 
legal sources to the illicit marketplace (including sharing, selling, and trading with individuals 
who plan to use it without a prescription).  

A systematic review (80) of all literature on the nonmedical use and diversion of 
prescription stimulants identified 86 studies addressing the epidemiology of nonmedical use of 
stimulants and/or diversion. Rates of these behaviors varied widely across studies and generally 
focused on older adolescents and college students, finding prevalence rates of nonmedical use 
ranging from 2.1% to 58.7% and diversion ranging from 0.7% to 80.0%.  

However, it is critical to recognize that nonmedical use, while important to monitor due 
to the reality of serious adverse events, largely consists of young adults (university-age) who use 
infrequently and at times of academic stress. For example, in the College Prescription Drug 



 30 

Study in the US (19,539 participants), most (84%) endorsing any nonmedical use in their 
lifetimes (15.9%) reported past 12 months use (10%) between 0-9 times (81). While fewer data 
are available on this topic at younger ages, the Monitoring the Future national survey study in the 
US has been helpful in this regard (82). From datasets collected across 3,284 US secondary 
schools between 2005-2020, mean past year nonmedical use of prescription stimulants amongst 
231,141 students was 5.7% at the school level and 6.0% at the individual level. Multiple 
variables were associated with nonmedical use (e.g., other substance use such as marijuana and 
alcohol, parental college education, greater percentage of student body identifying as White; 
greater percentage of student body using prescribed stimulant medications). Prevalence of 
methylphenidate use without a doctor’s orders, reported to 2023 from the Monitoring the Future 
study, has indicated a marked decline from a 2001 (year of first tracking) to 2024, from 2.9% to 
0.6% of 8th graders, 4.8% to 0.5% of 10th graders, and from 5.1% to 0.6% of 12th graders (final 
grade before university) (83).  

While most nonmedical use has been associated with no, or minor, medical effects, 
adverse medical outcomes, including serious adverse events, have occurred in some individuals, 
particularly when administered by non-oral routes. Making use of data from America’s Poison 
Centers database, National Poison Data System, the US FDA in 2023 reported that the most 
severe harms from nonmedical use of stimulants were from a non-oral route (injection or 
nasal/inhalation) (84). Clinical effects of stimulant overdose can include cardiovascular effects 
ranging from hypertension and agitation to sudden cardiac death. The latest available United 
States Drug Abuse Warning Network (DAWN) release for 2022 
(https://store.samhsa.gov/sites/default/files/pep23-07-03-001.pdf) provides data on drug-related 
emergency department visits by substance. Weighted estimates that did not make the top six most 
frequent drug-related causes of ED visits (alcohol, opioid, cannabis, methamphetamine, cocaine, 
and benzodiazepine) were excluded; stimulants were among these. 

Multiple communities and agencies, including regulatory bodies, the medical community, 
and researchers have taken action to prevent both the nonmedical use and diversion of 
psychostimulants. While the steps taken vary by nation, methylphenidate is considered a 
‘controlled’ substance in many countries, and its prescribing and dispensation is subject to 
restrictions that aim to minimize both diversion and nonmedical use.  These controls include the 
following measures on the side of the prescriber: 

• Special training and licensure requirements for prescribing methylphenidate; 
• Monitoring of prescription rates by regulatory authorities to ‘flag’ excessively high, 

unexplained rates of prescriptions; 
• The inability to issue ‘refill’ prescriptions; 
• Requirement for regular monitoring and ongoing assessments of the need for the 

medication; 
• The prescription of formulations that may have less nonmedical use potential.  
Additionally, multiple recommendations outside of regulatory steps have been offered in 

clinical and research literature, by agencies such as the U.S. DEA and professional organizations, 
studies testing reduction of nonmedical use and diversion (e.g., prescribe extended release 
instead of immediate release formulations) (80, 85-87), and studies testing training programs for 
physicians designed to aide their prevention or reduction of stimulant diversion and misuse (88, 
89). These recommendations center on educating parents and youth of the dangers of both 
activities as well as attending to prescribing behaviors and patient behaviors that have the 
potential to elevate risk (e.g., accumulating unused pills, storing medication in visible locations).  
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 In addition, many entities, formed by those living with ADHD, their families and friends, 
have produced materials to educate parents on how to prevent nonmedical use and diversion. For 
example (https://www.additudemag.com/adhd-medication-diversion-teens-sharing-stimulants/).  
The measures suggested center on the need for education by the provider to the parent, and the 
parent to the child.  

Overall, the consensus in the literature has been that the benefits of methylphenidate 
continue to outweigh the risks when used to treat children and adolescents aged 6-17 with 
ADHD. 

 
8.5.1 Risk of later substance use after stimulant treatment 
With regards to the concern that methylphenidate may be associated with substance use across 
development, evidence from the MTA and other observational studies indicate that there is no 
evidence of an association between methylphenidate in childhood and an increased risk for 
substance use in adolescents and young adults with childhood ADHD (90-92).  Large 
epidemiologic studies have found protective effects for substance use outcomes of medications 
for ADHD (that included stimulants) in which within-subjects analyses have compared 
medicated and unmedicated periods, allowing control for confounding by indication (92).  For 
example, in an analysis of commercial healthcare claims in the US between 2004 and 2014 for 
2,993,887 adolescent and adult patients with ADHD, male and female patients had 35% and 
31%, respectively, lower odds of concurrent referrals to emergency departments for substance-
related events.  Following up on remaining concerns about confounding variables and other 
issues (e.g., missing measurement of harmful substance use that fails to present to a hospital), the 
MTA analyses adjusted for time-varying confounders when studying the association between 
stimulant treatment through adolescence and later substance use or substance use disorder and 
found no statistically significant associations that survived correction for experiment-wise error 
(97). Although none of these studies can claim to have protection of bias by random assignment 
and blind placebo-controlled conditions for the multiple years between childhood and adulthood 
when substance use/disorder typically occurs, these studies collectively fail to provide support 
for increased risk of substance use/disorder for the average childhood patient taking stimulants to 
treat ADHD.  Further data on the progression to misuse amongst youth prescribed stimulants 
comes from the Monitoring the Future study dataset.  In this study, initiation of stimulant 
treatment for ADHD in childhood was not associated with elevated substance use risk, defined as 
cocaine, methamphetamine, or prescription stimulant misuse in adolescence (93). However, 
initiation of stimulant treatment at older ages (greater than or equal to age 10) and for shorter 
duration was associated concurrently with higher odds of past-year cocaine or prescription 
stimulant misuse in adolescence than those initiating treatment in childhood. As noted by the 
authors, causal relations could not be concluded based on the methodology (self-reported survey 
retrospective data). In addition, inability to account for the wealth of confounders that might 
drive late-initiating treatment (persistent ADHD symptoms; elevated urgent need for treatment 
due to heightened impairments including pre-existing substance use) are important to consider.   
 
8.6 Summary 
 
Benefits 
Long-term (over periods of 6 months) methylphenidate treatment has moderate effects in 
reducing core ADHD symptoms, as assessed by parent, teacher, and independent assessors (i.e., 
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clinicians). These benefits are smaller than those noted in meta-analyses of shorter-term RCTs 
(mostly under 3 months). The quality of evidence in favor of long-term effects is also weaker 
than that in favor of short-term effects.  

RCTs conducted in the short-term also note benefits on educational performance and 
neurocognitive functioning. Additionally, observational studies, including those evaluating long-
term methylphenidate treatment, suggest association with reduced mortality and fewer accidental 
injuries, among other beneficial functional/direct outcomes.    
 
Harms 
Neither long-term nor short-term methylphenidate treatment has been associated with serious 
adverse events in RCTs or observational studies.  There is mixed evidence concerning the impact 
of cumulative, long-term treatment with methylphenidate and alterations in somatic growth, and 
limited evidence from one study on increased risk for seizures in the first month of treatment.  
Observational studies on cardiovascular risk are inconclusive, with some finding no increase and 
others reporting modest increases in risk, particularly in association with higher doses. This 
evidence should be discussed and weighed against treatment benefits in shared decision-making. 
 
Comparison with other conditions 
The magnitude of the treatment effects estimated in meta-analyses of methylphenidate is large, 
particularly when compared to other pharmacological and non-pharmacological interventions in 
psychiatry (94). 
 
Additional considerations 
We presented data to support a rating of at least moderate certainty of evidence for short-term 
effects. We acknowledge that there is less evidence of long-term effects, and the certainty of 
evidence is thus weaker compared to the short-term effects. While more evidence from long-term 
RCTs is certainly desirable, RCTs involving placebo over periods of one year or longer are 
logistically challenging and unlikely to attain ethical approval given the current state of evidence 
in support of methylphenidate, even if imperfect. Additionally, to address some concerns about 
risk of bias arising from unblinding through adverse events would require the use of a nocebo 
(that is, an inactive agent with adverse events matching those of methylphenidate), which would 
again raise further ethical concerns. In this context, evidence from other designs, such as 
randomized discontinuation trials and observational studies constitute the best available evidence 
for long-term effects and should be considered.   
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SECTION 9: SUMMARY OF RECOMMENDATIONS IN CURRENT CLINICAL 
GUIDELINES. 
 
9.1 Recommendations in existing WHO guidelines 
 
9.1.1 Mental Health Gap Action Program (mhGAP) 
The WHO mhGAP guideline published in 2023 updated its previous recommendation regarding 
the effectiveness and safety of pharmacological interventions for children with a diagnosis of 
attention-deficit/hyperactivity disorder. 

In its latest version, WHO mhGAP recommends that, for children 6 years old or older and 
adolescents who have ADHD, methylphenidate may be considered provided that: 

• A careful assessment of the child/adolescent has been conducted. 
• ADHD symptoms are still causing persistent significant impairment in at least one 

domain of functioning (education, relationships, occupation), after the implementation of 
environmental modifications in schools, at home, or in other relevant settings/ 

• The child/adolescent and the caregivers, as appropriate, have been informed about ADHD 
treatment options and supported in decision-making. 

• Methylphenidate prescription is made by, or in consultation with, a specialist. 
The mhGAP guideline reinforces that methylphenidate should be offered only in the context 

of a management plan that addresses psychosocial risks and vulnerabilities and environmental 
factors that have an impact on symptoms, functioning, well-being, and participation of children 
and adolescents with ADHD. Additionally, whenever possible methylphenidate treatment should 
be combined with brief parent behavioral therapies. Children and adolescents receiving 
methylphenidate should be maintained under close clinical monitoring for improvement in 
symptoms and prevention of adverse events. A specialist care provider trained on management of 
ADHD should reassess the child’s/adolescent’s management plan for ADHD at least once per 
year. 

The treatment plan for children and adolescents with ADHD should also include 
psychosocial interventions that may attenuate the impairment stemming from symptoms, such as 
organizational skills training (strongly recommended) and social skills and cognitive training 
(conditionally recommended). 

As for all child mental health care, the child/adolescent and parent/caregivers, as appropriate, 
should be informed about ADHD treatment options and supported in decision-making regarding 
both non-pharmacological and pharmacological management. 
 
9.2 Recommendation sin other current clinical guidelines 
A comprehensive overview of the guidelines from the US, Europe, and Asia have been 
previously provided in other studies (95, 96). The guidelines come from distinct cultures with 
very different healthcare systems, varying rates of diagnostic identification, and differing 
availability of both pharmacological and non-pharmacological interventions. We highlight below 
a couple of those that combined rigorous assessments of the evidence (through systematic 
reviews and critical appraisal of the evidence) and expert opinion. 
 
9.2.1 American Academy of Pediatrics (APA), the US (97) 
The guidelines are addressed to pediatricians or other primary care clinicians (PCCs) and state 
that PCCs may benefit from additional consultative support and guidance from child and 
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adolescent psychiatrists, clinical child psychologists, developmental/ behavioral pediatricians, 
neurodevelopmental disability physicians, child neurologists, or child- or school-based 
evaluation teams. 
 The guidelines provide recommendations on the assessment and diagnosis, psychosocial 
interventions, medication and monitoring, interventions in educational settings, organization of 
care, and implementation. 
 The guidelines were based on an independent systematic review of the evidence, with the 
search limited to research published before 2016. Critical appraisal of evidence was done 
considering AAP policies. 
 For children 6-11 years of age, FDA-approved medications for ADHD should be 
prescribed along with parent- and/or teacher-administered behavioral therapy (preferably both 
parent- and teacher-administered interventions). 
 For adolescents 12-17 years of age, FDA-approved medications for ADHD should be 
prescribed. Practitioners are encouraged to prescribe evidence-based training interventions 
and/or behavioral interventions (if available). Educational interventions and individualized 
instructional supports, including school environment, class placement, instructional placement, 
and behavioral supports, are a necessary part of any treatment plan. 
 Albeit any FDA-approved medicine for ADHD is recommended, there is recognition that 
the evidence is particularly stronger for stimulants (including methylphenidate) compared to 
other non-stimulant medicines.  
 
9.2.2 National Institute for Health and Care Excellence (NICE), United Kingdom (2) 
The guidelines consider that diagnosis should be made by specialist psychiatrist, pediatrician, or 
other appropriately qualified healthcare professionals with training and expertise in ADHD 
diagnosis, working in multi-disciplinary ADHD services. Prescribing can be shared with primary 
care physicians, and there should be formal shared care arrangements. 
 The guidelines provide recommendations on the assessment and diagnosis/recognition, 
information and support, psychosocial interventions, medication and monitoring, interventions in 
educational settings, dietary interventions, and organization of care. 
 The guidelines were based on an independent systematic review of the evidence and 
GRADE was adopted to assess the evidence. 
 For school aged children (age ≥ 5 years) and adolescents, it is recommended that ADHD-
focused support (e.g., education and information on the causes and effects of ADHD, advice on 
parenting strategies, and liaison with school) is recommended at the first moment. If ADHD 
symptoms and related impairment persist in at least one area of functioning after these 
environmental modifications, there is recommendation that methylphenidate be started as the 
first-line treatment. For children, if there is comorbid oppositional defiant disorder or conduct 
disorder, parent training programs should be added. For adolescents, if symptoms are still 
impairing after the start of medicine, cognitive-behavioral treatment should be added. 
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SECTION 10: SUMMARY OF AVAILABLE DATA ON COMPARATIVE COST AND 
COST-EFFECTIVENESS. 
 
Table 1 provides a summary of the costs (in US dollars, USD) of methylphenidate in different 
countries. These numbers were extracted from National websites considering those available in 
the WHO Pharmaceutical Market Information Sources (98). 
 
Table 1. Prices of methylphenidate in different countries across the world. 
Country Medicine and 

strength 
Package Price (in USD) Price per unit 

(USD) 

Brazil 
Methylphenidate 
hydrochloride 10 
mg 

Pack 30 tablets 4.89 0.163 per tablet 

Malaysia 
Methylphenidate 
hydrochloride 10 
mg 

Pack 30 tablets 26.97 0.899 per tablet 

Peru Methylphenidate 
10 mg 

Package 100 
tablets 24.76 0.24 per tablet 

Portugal Methylphenidate 
10 mg 

Package 30 
capsules 8.35 0.28 per 

capsule 

South Africa Methylphenidate 
10 mg 

Package 30 
tablets 8.68  0.28 per tablet 

Spain 
Methylphenidate 
hydrochloride 36 
mg 

Package 30 
capsules 23.84 0.79 per 

capsule 

Sweden 
Methylphenidate 
hydrochloride 10 
mg 

Package 30 
tablets 13.04 0.43 per tablet 

UK Methylphenidate 
10 mg 

Package 30 
tablets 2.95 0.098 per tablet 

USA 
Methylphenidate 
hydrochloride 10 
mg 

Package 100 
tablets 14.28 0.14 per tablet 

Vietnam 
Methylphenidate 
hydrochloride 10 
mg 

Box of 3 blisters 
x 10 tablets 0.85 0.028 per tablet 

Because there are no other medicines in the model list that can be adopted for the 
treatment of ADHD in children and adolescents, we did not provide a comprehensive overview 
of comparative costs. However, since this is required in the instructions for submissions to the 
Model List, we added below evidence for comparative costs of different medicines based on the 
data from the US (Table 2). While this is a superficial assessment, it provides good evidence that 
methylphenidate is cheaper than possible therapeutic alternatives for which the evidence of 
benefits and harms is not as strong. 
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Table 2. Price of medicines approved by the FDA for the treatment of ADHD in the US. 
Medicine Medicine and 

strength 
Package Price (in 

USD) 
Price per unit 
(USD) 

Methylphenidate 

Methylphenidate 
hydrochloride 10 
mg 

Package 100 
tablets 14.28 0.14 per tablet 

Dexmethylphenidate 
hydrochloride 10 
mg 

Package 100 
tablets 34 0.34 per tablet 

Amphetamines 

Mixed amphetamine 
salts 5 mg 

Package 100 
capsules 89.59 0.9 per 

capsule 
Lisdexamfetamine 
30 mg 

Package 90 
capsules 464.44 5.16 per 

capsule 

Atomoxetine Atomoxetine 40 mg Package 30 
capsules 37.04 1.23 per 

capsule 

Guanfacine Guanfacine 
hydrochloride 2 mg 

Package 100 
tablets 29.37 0.28 per tablet 

Data from https://www.vendorportal.ecms.va.gov/nac/Pharma/List 
 

There is no robust evidence to indicate that the prevalence of ADHD varies based on 
geographic region or income level (see above, section “6.2 Epidemiology”). Therefore, the 
impact of treatment of ADHD with methylphenidate should be comparable across countries (as 
indicated in Table 1, range between USD 0.1-0.9 per tablet of methylphenidate hydrochloride 10 
mg). Costs may vary depending on the formulation, manufacturer, or both. 

We could not find additional evidence in terms of the cost-effectiveness of 
methylphenidate compared to what has been outlined in the previous application. Therefore, the 
information below is essentially a reproduction from what was already presented in the latest 
application considering the pieces of information that focused on methylphenidate specifically. 

The MTA evaluated the cost-effectiveness of ADHD treatments and reported that 
medication management was the least expensive treatment (compared to behavioral treatment 
and combined treatment) and more cost-effective than combination treatment and behavioral 
treatment alone (99). Specifically, the incremental cost-effectiveness ratio (ICER) for medical 
management versus community care was $360, indicating that it cost that amount for each of the 
children brought to normal functioning by treating them through medication management, and 
they would not have been brought to normal functioning by treating them through usual care in 
the community. 

A Markov model was constructed to compare immediate release methylphenidate versus 
no treatment from the perspective of the Brazilian Unified Health System as payer, and the time 
horizon was 6 years (100). Considering the immediate release methylphenidate, monthly cost of 
Int$38, the ICER of treatment was Int$9,103/QALY for children and I$11,883/QALY for 
adolescents. In a two-way sensitivity analysis, considering one Gross National Product per capita 
(I$11,530) as willingness-to-pay, a cost of no-treatment lower than I$45/month would render 
immediate release methylphenidate a cost-saving strategy. 

A systematic review of three studies published in 2005 evaluated the cost-effectiveness of 
methylphenidate. It indicated that methylphenidate is a cost-effective treatment option (101). In 
the first study, the costs per each additional quality-adjusted life year (QALY) gained with 
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methylphenidate versus no treatment ranged from $15,509 to 19,281 considering short- and 
medium-term benefits of methylphenidate. In the second study, the costs per each additional 
QALY gained with methylphenidate treatment versus no treatment was $27,766. In the third 
study, costs per each additional point in the Conners Teacher Rating scale gained with 
methylphenidate treatment was $93, or $560 for a 6-point gain. 

Another systematic literature review published in 2012 evaluated the economics of 
pharmacotherapies for ADHD. Searches were conducted in MEDLINE, the National Health 
Services (NHS) Economic Evaluation database, and EMBASE (102). Studies were eligible if 
they compared two or more ADHD interventions (at least one pharmacotherapy), assessed both 
costs and outcomes, and were conducted between 1990 and 2011 in North America, Europe, 
Australia, or New Zealand. Thirteen papers were included and pharmacotherapies, including 
methylphenidate, were found to be cost-effective compared with no treatment, placebo, 
behavioral therapy, or community care among children and adolescents with ADHD. 

Lastly, a systematic review of the literature published in 2013 described the cost-
effectiveness analyses of medications launched in Spain for the treatment of ADHD (103). A 
search was conducted in PubMed/MEDLINE, SCOPUS, databases of the Centre for Reviews 
and Dissemination, and the websites of technology assessment agencies from Canada, the United 
Kingdom, and Spain. Eleven studies that considered at least methylphenidate or atomoxetine in 
children/adolescents with ADHD were examined. Methylphenidate was presented as cost-
effective over placebo or no treatment in all studies. 
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SECTION 11: REGULATORY STATUS, MARKET AVAILABILITY AND 
PHARMACOPOEIAL STANDARDS. 
 
At least 53 countries (including LMICs such as Botswana, Colombia, Ghana, Honduras, 
Indonesia, Mexico, Peru, Tonga, Tunisia, Uganda, Uruguay, among others) currently include 
methylphenidate in their national essential model lists (available from 
https://global.essentialmeds.org/dashboard/medicines/1196). It is possible that the number of 
countries is higher as several have recently updated their national essential model lists. 
 
Methylphenidate is approved for use in various jurisdictions as follows: 

• Australia 
• Argentina 
• Bangladesh 
• Belgium 
• Brazil 
• Canada 
• Chile 
• Colombia 
• Costa Rica 
• Cote D’Ivore 
• Cyprus 
• Czech Republic 
• Denmark 
• Dominican Republic 
• El Salvador 
• Estonia 
• Ethiopia 
• France 
• Gambia 
• Germany 
• Ghana 
• Great Britain 
• Greece 
• Guatemala 
• Guinea 
• Honduras 
• Iceland 
• India 
• Indonesia 
• Iran 
• Iraq 
• Ireland 
• Israel 
• Japan 
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• Jordan 
• Kenya 
• Kuwait 
• Lebanon 
• Liberia 
• Libya 
• Mali 
• Mexico 
• Malaysia 
• Morocco 
• New Zealand 
• Nicaragua 
• Niger 
• Nigeria 
• Norway 
• Oman 
• Pakistan 
• Panama 
• Paraguay 
• Peru 
• Poland 
• Portugal 
• Republic of Korea 
• Senegal 
• Sierra Leone 
• Slovenia 
• Spain 
• South Africa 
• Sri Lanka 
• Sudan 
• Sweden 
• Switzerland 
• Syria 
• Tanzania 
• Tunisia 
• Uganda 
• Uruguay 
• USA 
• Venezuela 
• Yemen 
• Zambia 
• Zimbabwe 
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Availability of Pharmacopeial Standards for Methylphenidate 
• British Pharmacopoeia: Yes (https://www.pharmacopoeia.com) 
• European Pharmacopoeia: Yes (https://www.edqm.eu/en/european-pharmacopoeia) 
• Indian Pharmacopoeia: Yes (https://www.indianpharmacopoeia.in) 
• United States Pharmacopoeia: Yes (http://www.usp.org) 
• Japanese Pharmacopoeia: Yes (https://www.pmda.go.jp/english/index.html) 

  



 41 

Section 12: Reference list. 
 
1. World Health Organization. ICD-11: International classification of diseases (11th 

revision).2022 ( https://icd.who.int/). 
2. National Institute for Health and Care Excellence. Attention deficit hyperactivity 

disorder: diagnosis and management [website].  2018 
(https://www.nice.org.uk/guidance/ng87). 

3. First MB, Reed GM, Hyman SE, Saxena S. The development of the ICD-11 Clinical 
Descriptions and Diagnostic Guidelines for Mental and Behavioural Disorders. World 
Psychiatry. 2015;14(1):82-90 (https://doi.org/10.1002/wps.20189). 

4. Medina-Mora ME, Robles R, Rebello TJ, Domínguez T, Martínez N, Juárez F et al. ICD-
11 guidelines for psychotic, mood, anxiety and stress-related disorders in Mexico: 
Clinical utility and reliability. Int J Clin Health Psychol. 2019;19(1):1-11 
(https://doi.org/10.1016/j.ijchp.2018.09.003). 

5. Robles R, de la Peña FR, Medina-Mora ME, de Los Dolores Márquez-Caraveo ME, 
Domínguez T, Juárez F et al. ICD-11 Guidelines for Mental and Behavioral Disorders of 
Children and Adolescents: Reliability and Clinical Utility. Psychiatr Serv. 
2022;73(4):396-402 (https://doi.org/10.1176/appi.ps.202000830). 

6. Clarke DE, Narrow WE, Regier DA, Kuramoto SJ, Kupfer DJ, Kuhl EA et al. DSM-5 
field trials in the United States and Canada, Part I: study design, sampling strategy, 
implementation, and analytic approaches. Am J Psychiatry. 2013;170(1):43-58 
(https://doi.org/10.1176/appi.ajp.2012.12070998). 

7. Regier DA, Narrow WE, Clarke DE, Kraemer HC, Kuramoto SJ, Kuhl EA, Kupfer DJ. 
DSM-5 field trials in the United States and Canada, Part II: test-retest reliability of 
selected categorical diagnoses. Am J Psychiatry. 2013;170(1):59-70 
(https://doi.org/10.1176/appi.ajp.2012.12070999). 

8. Wanni Arachchige Dona S, Badloe N, Sciberras E, Gold L, Coghill D, Le HND. The 
Impact of Childhood Attention-Deficit/Hyperactivity Disorder (ADHD) on Children's 
Health-Related Quality of Life: A Systematic Review and Meta-Analysis. J Atten Disord. 
2023;27(6):598-611 (https://doi.org/10.1177/10870547231155438). 

9. Dalsgaard S, McGrath J, Østergaard SD, Wray NR, Pedersen CB, Mortensen PB, 
Petersen L. Association of Mental Disorder in Childhood and Adolescence With 
Subsequent Educational Achievement. JAMA Psychiatry. 2020;77(8):797-805 
(https://doi.org/10.1001/jamapsychiatry.2020.0217). 

10. Erskine HE, Norman RE, Ferrari AJ, Chan GC, Copeland WE, Whiteford HA, Scott JG. 
Long-Term Outcomes of Attention-Deficit/Hyperactivity Disorder and Conduct Disorder: 
A Systematic Review and Meta-Analysis. J Am Acad Child Adolesc Psychiatry. 
2016;55(10):841-50 (https://doi.org/10.1016/j.jaac.2016.06.016). 

11. Mohr-Jensen C, Müller Bisgaard C, Boldsen SK, Steinhausen HC. Attention-
Deficit/Hyperactivity Disorder in Childhood and Adolescence and the Risk of Crime in 
Young Adulthood in a Danish Nationwide Study. J Am Acad Child Adolesc Psychiatry. 
2019;58(4):443-52 (https://doi.org/10.1016/j.jaac.2018.11.016). 

12. Ruiz-Goikoetxea M, Cortese S, Aznarez-Sanado M, Magallón S, Alvarez Zallo N, Luis 
EO et al. Risk of unintentional injuries in children and adolescents with ADHD and the 
impact of ADHD medications: A systematic review and meta-analysis. Neurosci 
Biobehav Rev. 2018;84:63-71 (https://doi.org/10.1016/j.neubiorev.2017.11.007). 



 42 

13. Dalsgaard S, Østergaard SD, Leckman JF, Mortensen PB, Pedersen MG. Mortality in 
children, adolescents, and adults with attention deficit hyperactivity disorder: a 
nationwide cohort study. Lancet. 2015;385(9983):2190-6 (https://doi.org/10.1016/s0140-
6736(14)61684-6). 

14. Milberger S, Biederman J, Faraone SV, Murphy J, Tsuang MT. Attention deficit 
hyperactivity disorder and comorbid disorders: issues of overlapping symptoms. Am J 
Psychiatry. 1995;152(12):1793-9 (https://doi.org/10.1176/ajp.152.12.1793). 

15. Polanczyk G, de Lima MS, Horta BL, Biederman J, Rohde LA. The worldwide 
prevalence of ADHD: a systematic review and metaregression analysis. Am J Psychiatry. 
2007;164(6):942-8 (https://doi.org/10.1176/ajp.2007.164.6.942). 

16. Willcutt EG. The prevalence of DSM-IV attention-deficit/hyperactivity disorder: a meta-
analytic review. Neurotherapeutics. 2012;9(3):490-9 (https://doi.org/10.1007/s13311-012-
0135-8). 

17. Polanczyk GV, Willcutt EG, Salum GA, Kieling C, Rohde LA. ADHD prevalence 
estimates across three decades: an updated systematic review and meta-regression 
analysis. Int J Epidemiol. 2014;43(2):434-42 (https://doi.org/10.1093/ije/dyt261). 

18.  Global burden of 288 causes of death and life expectancy decomposition in 204 
countries and territories and 811 subnational locations, 1990-2021: a systematic analysis 
for the Global Burden of Disease Study 2021. Lancet. 2024;403(10440):2100-32 
(https://doi.org/10.1016/s0140-6736(24)00367-2). 

19.  Global, regional, and national burden of 12 mental disorders in 204 countries and 
territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 
2019. Lancet Psychiatry. 2022;9(2):137-50 (https://doi.org/10.1016/s2215-
0366(21)00395-3). 

20. Roman-Urrestarazu A, van Kessel R. The Global Burden of Disease Epidemiology-When 
Big Data Impute the Nonexistent. JAMA Pediatr. 2024;178(4):331-2 
(https://doi.org/10.1001/jamapediatrics.2023.6507). 

21. Cortese S, Song M, Farhat LC, Yon DK, Lee SW, Kim MS et al. Incidence, prevalence, 
and global burden of ADHD from 1990 to 2019 across 204 countries: data, with critical 
re-analysis, from the Global Burden of Disease study. Mol Psychiatry. 2023;28(11):4823-
30 (https://doi.org/10.1038/s41380-023-02228-3). 

22. Al-Wardat M, Etoom M, Almhdawi KA, Hawamdeh Z, Khader Y. Prevalence of 
attention-deficit hyperactivity disorder in children, adolescents and adults in the Middle 
East and North Africa region: a systematic review and meta-analysis. BMJ Open. 
2024;14(1):e078849 (https://doi.org/10.1136/bmjopen-2023-078849). 

23. Dodds M, Wanni Arachchige Dona S, Gold L, Coghill D, Le HND. Economic Burden 
and Service Utilization of Children With Attention-Deficit/Hyperactivity Disorder: A 
Systematic Review and Meta-Analysis. Value Health. 2024;27(2):247-64 
(https://doi.org/10.1016/j.jval.2023.11.002). 

24. Cortese S, Purper-Ouakil D, Apter A, Arango C, Baeza I, Banaschewski T et al. 
Psychopharmacology in children and adolescents: unmet needs and opportunities. Lancet 
Psychiatry. 2024;11(2):143-54 (https://doi.org/10.1016/s2215-0366(23)00345-0). 

25. Conners CK, Casat CD, Gualtieri CT, Weller E, Reader M, Reiss A et al. Bupropion 
hydrochloride in attention deficit disorder with hyperactivity. J Am Acad Child Adolesc 
Psychiatry. 1996;35(10):1314-21 (https://doi.org/10.1097/00004583-199610000-00018). 



 43 

26. Garfinkel BD, Wender PH, Sloman L, O'Neill I. Tricyclic antidepressant and 
methylphenidate treatment of attention deficit disorder in children. J Am Acad Child 
Psychiatry. 1983;22(4):343-8 (https://doi.org/10.1016/s0002-7138(09)60669-5). 

27. Otasowie J, Castells X, Ehimare UP, Smith CH. Tricyclic antidepressants for attention 
deficit hyperactivity disorder (ADHD) in children and adolescents. Cochrane Database 
Syst Rev. 2014;2014(9):Cd006997 (https://doi.org/10.1002/14651858.CD006997.pub2). 

28. Waslick BD, Walsh BT, Greenhill LL, Giardina EG, Sloan RP, Bigger JT, Bilich K. 
Cardiovascular effects of desipramine in children and adults during exercise testing. J Am 
Acad Child Adolesc Psychiatry. 1999;38(2):179-86 (https://doi.org/10.1097/00004583-
199902000-00017). 

29. Schroeder JS, Mullin AV, Elliott GR, Steiner H, Nichols M, Gordon A, Paulos M. 
Cardiovascular effects of desipramine in children. J Am Acad Child Adolesc Psychiatry. 
1989;28(3):376-9 (https://doi.org/10.1097/00004583-198905000-00012). 

30. Food & Drug Administration Center for Drug Evaluation and Research. FDA Listing of 
Authorized Generics [website].  2023 (https://www.fda.gov/about-fda/center-drug-
evaluation-and-research-cder/fda-listing-authorized-generics). 

31. Sibley MH, Mitchell JT, Becker SP. Method of adult diagnosis influences estimated 
persistence of childhood ADHD: a systematic review of longitudinal studies. Lancet 
Psychiatry. 2016;3(12):1157-65 (https://doi.org/10.1016/s2215-0366(16)30190-0). 

32. Sibley MH, Arnold LE, Swanson JM, Hechtman LT, Kennedy TM, Owens E et al. 
Variable Patterns of Remission From ADHD in the Multimodal Treatment Study of 
ADHD. Am J Psychiatry. 2022;179(2):142-51 
(https://doi.org/10.1176/appi.ajp.2021.21010032). Licence: NIHMS1717866. 

33. Norman LJ, Price J, Ahn K, Sudre G, Sharp W, Shaw P. Longitudinal trajectories of 
childhood and adolescent attention deficit hyperactivity disorder diagnoses in three 
cohorts. EClinicalMedicine. 2023;60:102021 
(https://doi.org/10.1016/j.eclinm.2023.102021). 

34. Storebø OJ, Storm MRO, Pereira Ribeiro J, Skoog M, Groth C, Callesen HE et al. 
Methylphenidate for children and adolescents with attention deficit hyperactivity disorder 
(ADHD). Cochrane Database Syst Rev. 2023;3(3):Cd009885 
(https://doi.org/10.1002/14651858.CD009885.pub3). 

35.  A 14-month randomized clinical trial of treatment strategies for attention-
deficit/hyperactivity disorder. The MTA Cooperative Group. Multimodal Treatment 
Study of Children with ADHD. Arch Gen Psychiatry. 1999;56(12):1073-86 
(https://doi.org/10.1001/archpsyc.56.12.1073). 

36. Barragán E, Breuer D, Döpfner M. Efficacy and Safety of Omega-3/6 Fatty Acids, 
Methylphenidate, and a Combined Treatment in Children With ADHD. J Atten Disord. 
2017;21(5):433-41 (https://doi.org/10.1177/1087054713518239). 

37. Matthijssen AM, Dietrich A, Bierens M, Kleine Deters R, van de Loo-Neus GHH, van 
den Hoofdakker BJ et al. Continued Benefits of Methylphenidate in ADHD After 2 Years 
in Clinical Practice: A Randomized Placebo-Controlled Discontinuation Study. Am J 
Psychiatry. 2019;176(9):754-62 (https://doi.org/10.1176/appi.ajp.2019.18111296). 

38. Brikell I, Yao H, Li L, Astrup A, Gao L, Gillies MB et al. ADHD medication 
discontinuation and persistence across the lifespan: a retrospective observational study 
using population-based databases. Lancet Psychiatry. 2024;11(1):16-26 
(https://doi.org/10.1016/s2215-0366(23)00332-2). 



 44 

39. Pereira Ribeiro J, Arthur EJ, Gluud C, Simonsen E, Storebø OJ. Does Methylphenidate 
Work in Children and Adolescents with Attention Deficit Hyperactivity Disorder? Pediatr 
Rep. 2021;13(3):434-43 (https://doi.org/10.3390/pediatric13030050). 

40. Storebø OJ, Ribeiro JP, Lunde C, Gluud C. WHO Essential Medicines List and 
methylphenidate for ADHD in children and adolescents. Lancet Psychiatry. 
2024;11(2):93 (https://doi.org/10.1016/s2215-0366(23)00395-4). 

41. Cortese S, Coghill D, Fegert JM, Mattingly GW, Rohde LA, Wong ICK, Faraone SV. 
Reply: the inclusion of methylphenidate in the WHO list of essential medicines is 
endorsed by millions of people with ADHD. Eur Child Adolesc Psychiatry. 2024 
(https://doi.org/10.1007/s00787-024-02570-z). 

42. Cortese S, Coghill D, Fegert JM, Mattingly GW, Rohde LA, Wong ICK, Faraone SV. 
ESCAP endorses the inclusion of methylphenidate in the WHO model lists of essential 
medicines and in the Union list of critical medicines. Eur Child Adolesc Psychiatry. 
2024;33(5):1605-8 (https://doi.org/10.1007/s00787-024-02443-5). 

43. Cortese S, Coghill D, Mattingly GW, Rohde LA, Thom RP, Wilens TE et al. AACAP 
Endorses the Inclusion of Methylphenidate in the WHO Model Lists of Essential 
Medicines. J Am Acad Child Adolesc Psychiatry. 2024;63(7):663-5 
(https://doi.org/10.1016/j.jaac.2024.02.008). 

44. Cortese S, Coghill D, Mattingly GW, Rohde LA, Wong ICK, Faraone SV. WHO Model 
Lists of Essential Medicines: methylphenidate for ADHD in children and adolescents. 
Lancet Psychiatry. 2023;10(10):743-4 (https://doi.org/10.1016/s2215-0366(23)00292-4). 

45. Cortese S, Coghill D, Mattingly GW, Rohde LA, Wong ICK, Faraone SV. WHO Essential 
Medicines List and methylphenidate for ADHD in children and adolescents - Authors' 
reply. Lancet Psychiatry. 2024;11(2):93-5 (https://doi.org/10.1016/s2215-0366(23)00437-
6). 

46. Ponnou S, Timimi S, Briffault X, Batstra L, Gøtzsche PC, Gonon F. WHO Essential 
Medicines List and methylphenidate for ADHD in children and adolescents. Lancet 
Psychiatry. 2024;11(2):92-3 (https://doi.org/10.1016/s2215-0366(23)00392-9). 

47. Storebø OJ, Krogh HB, Ramstad E, Moreira-Maia CR, Holmskov M, Skoog M et al. 
Methylphenidate for attention-deficit/hyperactivity disorder in children and adolescents: 
Cochrane systematic review with meta-analyses and trial sequential analyses of 
randomised clinical trials. Bmj. 2015;351:h5203 (https://doi.org/10.1136/bmj.h5203). 

48. Moustgaard H, Clayton GL, Jones HE, Boutron I, Jørgensen L, Laursen DRT et al. 
Impact of blinding on estimated treatment effects in randomised clinical trials: meta-
epidemiological study. Bmj. 2020;368:l6802 (https://doi.org/10.1136/bmj.l6802). 

49. Leucht S, Siafis S, Schneider-Thoma J, Tajika A, Priller J, Davis JM, Furukawa TA. Are 
the results of open randomised controlled trials comparing antipsychotic drugs in 
schizophrenia biased? Exploratory meta- and subgroup analysis. Schizophrenia 
(Heidelb). 2024;10(1):17 (https://doi.org/10.1038/s41537-024-00442-8). 

50. Wood L, Egger M, Gluud LL, Schulz KF, Jüni P, Altman DG et al. Empirical evidence of 
bias in treatment effect estimates in controlled trials with different interventions and 
outcomes: meta-epidemiological study. Bmj. 2008;336(7644):601-5 
(https://doi.org/10.1136/bmj.39465.451748.AD). 

51. Savović J, Jones H, Altman D, Harris R, Jűni P, Pildal J et al. Influence of reported study 
design characteristics on intervention effect estimates from randomised controlled trials: 



 45 

combined analysis of meta-epidemiological studies. Health Technol Assess. 
2012;16(35):1-82 (https://doi.org/10.3310/hta16350). 

52. Schulz KF, Chalmers I, Hayes RJ, Altman DG. Empirical evidence of bias. Dimensions 
of methodological quality associated with estimates of treatment effects in controlled 
trials. Jama. 1995;273(5):408-12 (https://doi.org/10.1001/jama.273.5.408). 

53. Lohr WD, Wanta JW, Baker M, Grudnikoff E, Morgan W, Chhabra D, Lee T. Intentional 
Discontinuation of Psychostimulants Used to Treat ADHD in Youth: A Review and 
Analysis. Front Psychiatry. 2021;12:642798 (https://doi.org/10.3389/fpsyt.2021.642798). 

54. Li L, Zhu N, Zhang L, Kuja-Halkola R, D'Onofrio BM, Brikell I et al. ADHD 
Pharmacotherapy and Mortality in Individuals With ADHD. Jama. 2024;331(10):850-60 
(https://doi.org/10.1001/jama.2024.0851). 

55. Vasiliadis HM, Lunghi C, Rahme E, Rochette L, Gignac M, Massamba V et al. ADHD 
medications use and risk of mortality and unintentional injuries: a population-based 
cohort study. Transl Psychiatry. 2024;14(1):128 (https://doi.org/10.1038/s41398-024-
02825-y). 

56. Boland H, DiSalvo M, Fried R, Woodworth KY, Wilens T, Faraone SV, Biederman J. A 
literature review and meta-analysis on the effects of ADHD medications on functional 
outcomes. J Psychiatr Res. 2020;123:21-30 
(https://doi.org/10.1016/j.jpsychires.2020.01.006). 

57. Banaschewski T, Buitelaar J, Chui CS, Coghill D, Cortese S, Simonoff E, Wong IC. 
Methylphenidate for ADHD in children and adolescents: throwing the baby out with the 
bathwater. Evid Based Ment Health. 2016;19(4):97-9 (https://doi.org/10.1136/eb-2016-
102461). 

58. Hollis C. Methylphenidate for ADHD: have Cochrane got it wrong this time? [website].  
2016 (https://www.nationalelfservice.net/mental-health/adhd/methylphenidate-for-adhd-
have-cochrane-got-it-wrong-this-time/). 

59. Rücker G, Schwarzer G, Carpenter JR, Schumacher M. Undue reliance on I(2) in 
assessing heterogeneity may mislead. BMC Med Res Methodol. 2008;8:79 
(https://doi.org/10.1186/1471-2288-8-79). 

60. Rhodes KM, Turner RM, Higgins JP. Predictive distributions were developed for the 
extent of heterogeneity in meta-analyses of continuous outcome data. J Clin Epidemiol. 
2015;68(1):52-60 (https://doi.org/10.1016/j.jclinepi.2014.08.012). 

61. Vertessen K, Luman M, Staff A, Bet P, de Vries R, Twisk J, Oosterlaan J. Meta-analysis: 
Dose-Dependent Effects of Methylphenidate on Neurocognitive Functioning in Children 
With Attention-Deficit/Hyperactivity Disorder. J Am Acad Child Adolesc Psychiatry. 
2022;61(5):626-46 (https://doi.org/10.1016/j.jaac.2021.08.023). 

62. Kortekaas-Rijlaarsdam AF, Luman M, Sonuga-Barke E, Oosterlaan J. Does 
methylphenidate improve academic performance? A systematic review and meta-
analysis. Eur Child Adolesc Psychiatry. 2019;28(2):155-64 
(https://doi.org/10.1007/s00787-018-1106-3). 

63. Fernández de la Cruz L, Simonoff E, McGough JJ, Halperin JM, Arnold LE, Stringaris A. 
Treatment of children with attention-deficit/hyperactivity disorder (ADHD) and 
irritability: results from the multimodal treatment study of children with ADHD (MTA). J 
Am Acad Child Adolesc Psychiatry. 2015;54(1):62-70.e3 
(https://doi.org/10.1016/j.jaac.2014.10.006). 



 46 

64. Blader JC, Pliszka SR, Jensen PS, Schooler NR, Kafantaris V. Stimulant-responsive and 
stimulant-refractory aggressive behavior among children with ADHD. Pediatrics. 
2010;126(4):e796-806 (https://doi.org/10.1542/peds.2010-0086). Licence: 
NIHMS236976. 

65. Blader JC, Pliszka SR, Kafantaris V, Foley CA, Carlson GA, Crowell JA et al. Stepped 
Treatment for Attention-Deficit/Hyperactivity Disorder and Aggressive Behavior: A 
Randomized, Controlled Trial of Adjunctive Risperidone, Divalproex Sodium, or Placebo 
After Stimulant Medication Optimization. J Am Acad Child Adolesc Psychiatry. 
2021;60(2):236-51 (https://doi.org/10.1016/j.jaac.2019.12.009). Licence: 
NIHMS1569083. 

66. Cortese S, Adamo N, Del Giovane C, Mohr-Jensen C, Hayes AJ, Carucci S et al. 
Comparative efficacy and tolerability of medications for attention-deficit hyperactivity 
disorder in children, adolescents, and adults: a systematic review and network meta-
analysis. Lancet Psychiatry. 2018;5(9):727-38 (https://doi.org/10.1016/S2215-
0366(18)30269-4). 

67. Man KKC, Häge A, Banaschewski T, Inglis SK, Buitelaar J, Carucci S et al. Long-term 
safety of methylphenidate in children and adolescents with ADHD: 2-year outcomes of 
the Attention Deficit Hyperactivity Disorder Drugs Use Chronic Effects (ADDUCE) 
study. Lancet Psychiatry. 2023;10(5):323-33 (https://doi.org/10.1016/s2215-
0366(23)00042-1). 

68. Verdejo-Garcia A, Crossin R. Nutritional and metabolic alterations arising from stimulant 
use: A targeted review of an emerging field. Neurosci Biobehav Rev. 2021;120:303-6 
(https://doi.org/10.1016/j.neubiorev.2020.11.006). 

69. Carucci S, Balia C, Gagliano A, Lampis A, Buitelaar JK, Danckaerts M et al. Long term 
methylphenidate exposure and growth in children and adolescents with ADHD. A 
systematic review and meta-analysis. Neurosci Biobehav Rev. 2021;120:509-25 
(https://doi.org/10.1016/j.neubiorev.2020.09.031). 

70. Greenhill LL, Swanson JM, Hechtman L, Waxmonsky J, Arnold LE, Molina BSG et al. 
Trajectories of Growth Associated With Long-Term Stimulant Medication in the 
Multimodal Treatment Study of Attention-Deficit/Hyperactivity Disorder. J Am Acad 
Child Adolesc Psychiatry. 2020;59(8):978-89 
(https://doi.org/10.1016/j.jaac.2019.06.019). Licence: NIHMS1543119. 

71. Ahlberg R, Garcia-Argibay M, Rietz ED, Butwicka A, Cortese S, D'Onofrio BM et al. 
Associations Between Attention-Deficit/Hyperactivity Disorder (ADHD), ADHD 
Medication, and Shorter Height: A Quasi-Experimental and Family-Based Study. J Am 
Acad Child Adolesc Psychiatry. 2023;62(12):1316-25 
(https://doi.org/10.1016/j.jaac.2023.03.015). 

72. Vitiello B, Elliott GR, Swanson JM, Arnold LE, Hechtman L, Abikoff H et al. Blood 
pressure and heart rate over 10 years in the multimodal treatment study of children with 
ADHD. Am J Psychiatry. 2012;169(2):167-77 
(https://doi.org/10.1176/appi.ajp.2011.10111705). 

73. Zhang L, Yao H, Li L, Du Rietz E, Andell P, Garcia-Argibay M et al. Risk of 
Cardiovascular Diseases Associated With Medications Used in Attention-
Deficit/Hyperactivity Disorder: A Systematic Review and Meta-analysis. JAMA Netw 
Open. 2022;5(11):e2243597 (https://doi.org/10.1001/jamanetworkopen.2022.43597). 



 47 

74. Zhang L, Li L, Andell P, Garcia-Argibay M, Quinn PD, D'Onofrio BM et al. Attention-
Deficit/Hyperactivity Disorder Medications and Long-Term Risk of Cardiovascular 
Diseases. JAMA Psychiatry. 2023 (https://doi.org/10.1001/jamapsychiatry.2023.4294). 

75. Garcia-Argibay M, Bürkner PC, Lichtenstein P, Zhang L, D'Onofrio BM, Andell P et al. 
Methylphenidate and Short-Term Cardiovascular Risk. JAMA Netw Open. 
2024;7(3):e241349 (https://doi.org/10.1001/jamanetworkopen.2024.1349). 

76. Chen Q, Sjölander A, Runeson B, D'Onofrio BM, Lichtenstein P, Larsson H. Drug 
treatment for attention-deficit/hyperactivity disorder and suicidal behaviour: register 
based study. Bmj. 2014;348:g3769 (https://doi.org/10.1136/bmj.g3769). 

77. Hollis C, Chen Q, Chang Z, Quinn PD, Viktorin A, Lichtenstein P et al. Methylphenidate 
and the risk of psychosis in adolescents and young adults: a population-based cohort 
study. Lancet Psychiatry. 2019;6(8):651-8 (https://doi.org/10.1016/s2215-
0366(19)30189-0). 

78. Man KKC, Lau WCY, Coghill D, Besag FMC, Cross JH, Ip P, Wong ICK. Association 
between methylphenidate treatment and risk of seizure: a population-based, self-
controlled case-series study. Lancet Child Adolesc Health. 2020;4(6):435-43 
(https://doi.org/10.1016/s2352-4642(20)30100-0). 

79. Farhat LC, Flores JM, Behling E, Avila-Quintero VJ, Lombroso A, Cortese S et al. The 
effects of stimulant dose and dosing strategy on treatment outcomes in attention-
deficit/hyperactivity disorder in children and adolescents: a meta-analysis. Mol 
Psychiatry. 2022;27(3):1562-72 (https://doi.org/10.1038/s41380-021-01391-9). 

80. Faraone SV, Rostain AL, Montano CB, Mason O, Antshel KM, Newcorn JH. Systematic 
Review: Nonmedical Use of Prescription Stimulants: Risk Factors, Outcomes, and Risk 
Reduction Strategies. J Am Acad Child Adolesc Psychiatry. 2020;59(1):100-12 
(https://doi.org/10.1016/j.jaac.2019.06.012). 

81. Phillips EL, McDaniel AE. College Prescription Drug Study Key Findings Report. Center 
for the Study of Student Life, The Ohio State University: Columbus, Ohio. 2018 ( 

82. McCabe SE, Schulenberg JE, Wilens TE, Schepis TS, McCabe VV, Veliz PT. Prescription 
Stimulant Medical and Nonmedical Use Among US Secondary School Students, 2005 to 
2020. JAMA Netw Open. 2023;6(4):e238707 
(https://doi.org/10.1001/jamanetworkopen.2023.8707). 

83. Miech RA, Johnston LD, Patrick ME, O’Malley PM, Bachman JG. Monitoring the 
Future national survey results on drug use, 1975–2023: Secondary school students. 
Monitoring the Future Monograph Series Ann Arbor, MI: Institute for Social Research, 
University of Michigan. 2023 (Available at 
https://monitoringthefuture.org/results/annual-reports/). 

84. Food & Drug Administration. FDA updating warnings to improve safe use of prescription 
stimulants used to treat ADHD and other conditions [website].  
(https://www.fda.gov/drugs/drug-safety-and-availability/fda-updating-warnings-improve-
safe-use-prescription-stimulants-used-treat-adhd-and-other-conditions). 

85. IQVIA Government Solutions. Stimulant Prescription Trends in the United States From 
2012-2022. 2023 ( 

86. Antshel KM, Park A, Maisto S, Faraone SV. Primary prevention of prescription stimulant 
misuse in first-year college students. J Am Coll Health. 2024:1-9 
(https://doi.org/10.1080/07448481.2023.2299409). 



 48 

87. Molina BSG, Kipp HL, Joseph HM, Engster SA, Harty SC, Dawkins M et al. Stimulant 
Diversion Risk Among College Students Treated for ADHD: Primary Care Provider 
Prevention Training. Acad Pediatr. 2020;20(1):119-27 
(https://doi.org/10.1016/j.acap.2019.06.002). Licence: NIHMS1531430. 

88. McGuier EA, Kolko DJ, Pedersen SL, Kipp HL, Joseph HM, Lindstrom RA et al. Effects 
of Training on Use of Stimulant Diversion Prevention Strategies by Pediatric Primary 
Care Providers: Results from a Cluster-Randomized Trial. Prev Sci. 2022;23(7):1299-307 
(https://doi.org/10.1007/s11121-022-01411-2). 

89. Molina BSG, Joseph HM, Kipp HL, Pedersen SL, Kolko DJ, Lindstrom RA et al. 
Adolescent-Reported Changes in Provider Behavior Following Pediatrician Training in 
Stimulant Diversion Prevention: Results From a Cluster Randomized Controlled Trial. J 
Atten Disord. 2024:10870547241288744 (https://doi.org/10.1177/10870547241288744). 

90. Molina BSG, Kennedy TM, Howard AL, Swanson JM, Arnold LE, Mitchell JT et al. 
Association Between Stimulant Treatment and Substance Use Through Adolescence Into 
Early Adulthood. JAMA Psychiatry. 2023;80(9):933-41 
(https://doi.org/10.1001/jamapsychiatry.2023.2157). 

91. Humphreys KL, Eng T, Lee SS. Stimulant medication and substance use outcomes: a 
meta-analysis. JAMA Psychiatry. 2013;70(7):740-9 
(https://doi.org/10.1001/jamapsychiatry.2013.1273). Licence: NIHMS1038594. 

92. Chang Z, Ghirardi L, Quinn PD, Asherson P, D'Onofrio BM, Larsson H. Risks and 
Benefits of Attention-Deficit/Hyperactivity Disorder Medication on Behavioral and 
Neuropsychiatric Outcomes: A Qualitative Review of Pharmacoepidemiology Studies 
Using Linked Prescription Databases. Biol Psychiatry. 2019;86(5):335-43 
(https://doi.org/10.1016/j.biopsych.2019.04.009). Licence: NIHMS1527164. 

93. McCabe SE, Figueroa O, McCabe VV, Schepis TS, Schulenberg JE, Veliz PT et al. Is age 
of onset and duration of stimulant therapy for ADHD associated with cocaine, 
methamphetamine, and prescription stimulant misuse? J Child Psychol Psychiatry. 
2024;65(1):100-11 (https://doi.org/10.1111/jcpp.13807). Licence: NIHMS1961741. 

94. Correll CU, Cortese S, Croatto G, Monaco F, Krinitski D, Arrondo G et al. Efficacy and 
acceptability of pharmacological, psychosocial, and brain stimulation interventions in 
children and adolescents with mental disorders: an umbrella review. World Psychiatry. 
2021;20(2):244-75 (https://doi.org/10.1002/wps.20881). 

95. Coghill D, Banaschewski T, Cortese S, Asherson P, Brandeis D, Buitelaar J et al. The 
management of ADHD in children and adolescents: bringing evidence to the clinic: 
perspective from the European ADHD Guidelines Group (EAGG). Eur Child Adolesc 
Psychiatry. 2023;32(8):1337-61 (https://doi.org/10.1007/s00787-021-01871-x). 

96. Kawabe K, Horiuchi F, Matsumoto Y, Inoue S, Okazawa M, Hosokawa R et al. Practical 
clinical guidelines and pharmacological treatment for attention-deficit hyperactivity 
disorder in Asia. Neuropsychopharmacol Rep. 2024;44(1):29-33 
(https://doi.org/10.1002/npr2.12381). 

97. Wolraich ML, Hagan JF, Jr., Allan C, Chan E, Davison D, Earls M et al. Clinical Practice 
Guideline for the Diagnosis, Evaluation, and Treatment of Attention-
Deficit/Hyperactivity Disorder in Children and Adolescents. Pediatrics. 2019;144(4) 
(https://doi.org/10.1542/peds.2019-2528). Licence: NIHMS1552301. 

98. World Health Organization. Medicine Prices and Other Market Information Sources 
[website].  2024 (https://www.who.int/teams/health-product-and-policy-



 49 

standards/medicines-selection-ip-and-affordability/affordability-pricing/med-price-info-
source). 

99. Jensen PS, Garcia JA, Glied S, Crowe M, Foster M, Schlander M et al. Cost-effectiveness 
of ADHD treatments: findings from the multimodal treatment study of children with 
ADHD. Am J Psychiatry. 2005;162(9):1628-36 
(https://doi.org/10.1176/appi.ajp.162.9.1628). 

100. Maia CR, Stella SF, Wagner F, Pianca TG, Krieger FV, Cruz LN et al. Cost-utility 
analysis of methylphenidate treatment for children and adolescents with ADHD in Brazil. 
Braz J Psychiatry. 2016;38(1):30-8 (https://doi.org/10.1590/1516-4446-2014-1516). 

101. Matza LS, Paramore C, Prasad M. A review of the economic burden of ADHD. Cost Eff 
Resour Alloc. 2005;3:5 (https://doi.org/10.1186/1478-7547-3-5). 

102. Wu EQ, Hodgkins P, Ben-Hamadi R, Setyawan J, Xie J, Sikirica V et al. Cost 
effectiveness of pharmacotherapies for attention-deficit hyperactivity disorder: a 
systematic literature review. CNS Drugs. 2012;26(7):581-600 
(https://doi.org/10.2165/11633900-000000000-00000). 

103. Catalá-López F, Ridao M, Sanfélix-Gimeno G, Peiró S. Cost-effectiveness of 
pharmacological treatment of attention deficit hyperactivity disorder in children and 
adolescents: qualitative synthesis of scientific evidence. Rev Psiquiatr Salud Ment. 
2013;6(4):168-77 (https://doi.org/10.1016/j.rpsm.2012.12.002). 

 


