
Kent Academic Repository
Full text document (pdf)

Copyright & reuse

Content in the Kent Academic Repository is made available for research purposes. Unless otherwise stated all

content is protected by copyright and in the absence of an open licence (eg Creative Commons), permissions 

for further reuse of content should be sought from the publisher, author or other copyright holder. 

Versions of research

The version in the Kent Academic Repository may differ from the final published version. 

Users are advised to check http://kar.kent.ac.uk for the status of the paper. Users should always cite the 

published version of record.

Enquiries

For any further enquiries regarding the licence status of this document, please contact: 

researchsupport@kent.ac.uk

If you believe this document infringes copyright then please contact the KAR admin team with the take-down 

information provided at http://kar.kent.ac.uk/contact.html

Citation for published version

Bratt, Alison M. and Masanyero-Bennie, Bernadette and Kelley, Stephen P.  (2017) A meta-analytical
assessment of the efficacy of immediate release methylphenidate to reduce hyperactivity in children
with autistic spectrum disorder (ASD).   Journal of Pharmaceutical Sciences & Experimental
Pharmacology, 1  (1).   pp. 10-18.

DOI

Link to record in KAR

http://kar.kent.ac.uk/65038/

Document Version

Publisher pdf

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Kent Academic Repository

https://core.ac.uk/display/189718719?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Research Article

 A Meta-Analysis of he Eicacy of Immediate 

 Release Methylphenidate to Reduce Hyperactivity

in Children with Autistic Spectrum Disorder

Alison Margaret Bratt*, Bernadette Masanyero-Bennie and Stephen Patrick Kelley

Medway School of Pharmacy, he Universities of Kent and Greenwich at Medway, Central Avenue, Chatham Maritime, 
Kent, ME4 4TB, United Kingdom

*Corresponding author: Alison Margaret Bratt, Medway School of Pharmacy, he Universities of Kent and Greenwich 
at Medway, Central Avenue, Chatham Maritime, Kent, ME4 4TB, United Kingdom, Tel: +44 01634892944; Fax: +44 
01634883927; E-mail: amb54@kent.ac.uk

Received Date: 05 July, 2017; Accepted Date: 11 August, 2017; Published Date: 28 August, 2017

Abstract

Psychostimulant medications, such as Methylphenidate 

(MPH) have become main stay treatments for Attention Deicit  
Hyperactivity Disorder (ADHD) symptoms, such as hyperactivity, 

impulsivity and inattention in children. Such symptoms frequently 

also co-exist in children with Autistic Spectrum Disorders (ASD), 

thereby complicating a di悲erential diagnosis. The presence of 
ADHD-like symptoms in children with ASD can have a signiicant 
detrimental impact on learning and social interaction, and can limit 

the outcome of behavioural interventions to address areas of core 

ASD di扉culties. Therefore, it is of clinical relevance and potential 
beneit to address the issue of e悲ectiveness and tolerability/safety 
of stimulants such as methylphenidate in children with co-morbid 

diagnoses of ASD + ADHD.

This study performed a meta-analysis of three randomised  
controlled trials homogeneously measuring the e悲ect of immediate 
release Methylphenidate (MPH) to reduce scores of hyperactivity 

in children with comorbid ADHD + ASD. The indings that  
IR-MPH produces an overall moderate signiicant beneit to reduce 
hyperactivity in ASD are discussed in relation to the risk/beneit 
question of medication use in this population.

Introduction

Attention Deicit Hyperactivity Disorder (ADHD) and Autistic 

Spectrum Disorders (ASD�s) are both neurodevelopmental  

conditions with symptoms emerging in early childhood [1]. 

ADHD is characterised by increased levels of generalised activity,  

agitation, attentional di扉culties and impulsivity [2-4]. ASD’s are 
characterised by deicits in engaging in reciprocal social interaction 
and with behavioural rigidity/lack of lexibility [2,3,5]. When 

considering the clinical diagnostic descriptors of ADHD and ASD, 

there is little in common in terms of their presentation, however, 

in clinical practice children with ASD displaying concomitant 

“ADHD-like” behaviours are commonly observed [2,6]. Indeed, 
recent data from a 2014 US survey of the diagnosis & treatment 
of ADHD showed that one in eight children with ADHD also had 

a concomitant diagnosis of ASD [7]. Section E of the diagnostic 

criteria for ADHD [8] does not allow a comorbid diagnosis of ASD 

and ADHD, though there are examples of ADHD being co-morbid 

with other frontostriatal disorders such as obsessive-compulsive 

disorder & conduct disorder [9]. The rationale has been that 
symptoms of ADHD in ASD are attributable to an ASD diagnosis. 

Which broaches the question “is a diagnostic comorbidity of ASD 
and ADHD justiied?” Comorbidity could simply be the result 
of the broad diagnostic description of both disorders. ADHD 

symptoms in children with ASD appear supericially similar to 
ADHD symptoms in children without ASD and vice versa [8,10]. 
Based on the current diagnostic criteria an overlap exists making 

it di扉cult to distinguish them, but can or should these disorders 
be treated similarly? [11].

In order to address this, we must consider if the two disorders 

share aetiological and neuroanatomical commonalities? Many 
structural abnormalities have been found in the frontal lobe 

for both ASD [12,13] and ADHD but neuroimaging studies of  
autism and ADHD have shown general inconsistencies, making it  

di扉cult to determine relevant similarities and di悲erences between 
the disorders [12,14].

Executive function deicits are common in both ASD and ADHD 
[15,16]. Executive functions are mediated by the prefrontal  
cortex [17] and involve domains of planning and goal directed acts, 

problem solving and strategy development, lexibility, persistence 
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toward a goal state and self-awareness [18], with such functions 

being mediated through a network of neurons that interconnect 

on dendritic spines. The ASD- behaviours proposed to be related 
to executive dysfunction include, repetitive behaviours, lack of 

impulse control and cognitive lexibility/di扉culty switching  
between tasks [19]. While in ADHD, response inhibition is regarded 
as the core deicit causing secondary deiciencies in other executive 
functions such as planning, working memory, and hyperactivity 

[18]. The literature highlights the complex nature of executive 
function dysregulation in neurodevelopmental disorders and the 

fact that individual subtypes of the disorders have an impact upon 

presentation of symptoms.

Data from epidemiological twin and family studies have provided 

evidence of strong genetic inluences linked to the development of 
both ASD and ADHD. Both are neurodevelopmental disorders, with 

suggestions that ADHD results from a delay in brain maturation 

rather than a complete deviation from typical development [20]. 
The brain maturation hypothesis takes its evidence from the fact 
that ADHD symptoms sometimes tend to improve with age, with 

32.4%-82.4% of children reported to show diminishing ADHD 
symptoms as they progress into adulthood [21]. Conversely, ASD 
is a life-long unremitting condition in which a悲ected individuals 
show behavioural deicits throughout the developmental trajectory. 
Such di悲erences between the disorders raises considerations which 
should be addressed regarding relative e扉cacy, duration of use and 
long-term safety of stimulant medication in children with ASD.

Standard drugs for treating ADHD are stimulant medications, 

such as Methylphenidate (MPH), and non-stimulants such as 

atomoxetine [22]. The National Institute of Clinical Excellence, 
(N.I.C.E.) Diagnostic & Clinical Guideline CG72 for ADHD 
states that stimulant medication should be considered as 

irst line treatment (incorporated into a comprehensive care  
package) for children with severe symptoms, or those with moderate  

symptoms for whom non-drug interventions have failed (NICE, 
2016). Considering the mechanism of action of methylphenidate, 
it is known to bind to the Neuronal Dopamine Transporter (DAT) 
with high a扉nity thereby blocking the inward transport of  
dopamine and prolonging the action of dopamine at its postsynaptic 

receptors in the prefrontal cortex [23]. MPH a悲ects DA transport 
indirectly via the Vesicular Monoamine Transporter-2 (VMAT-2), 
located on intracellular vesicular membranes of monoaminergic 

neurones (which is known to remove cytoplasmic dopamine and 

noradrenaline into vesicles and control their storage and release) 

[24]. It is expected that, following a single administration of MPH 
a rapid and reversible increase in vesicular dopamine transport 

by the VMAT-2 takes place promoting removal of dopamine into 
vesicles for future release [25]. Augmentation of dopamine and 
noradrenaline in the prefrontal cortex is believed to then ameliorate 

executive dysfunction.

From existing literature, it is clear there are some similarities, 

but also major di悲erences between ADHD and ASD in terms of 
the diagnostic criteria, presentation of symptoms, brain changes, 

a悲ected neurotransmitters and treatment strategies. The question 
remains: Is it of clinical beneit to use stimulant medication in ASD 
even though the neurotransmitters (Dopamine and Noradrenaline), 

that are enhanced by stimulant medication are not known to be 

primarily dysregulated in ASD? Although clinical data showing 
positive short and long-term e扉cacy of MPH to reduce symptoms 

of hyperactivity in children with pure ADHD is convincing [20,26] 
there is still a lack of data, regarding its long-term safety in children 

with ADHD [27]. Only a few studies have collected e扉cacy data 
on short term use of MPH on ADHD-like symptoms in children 

with a primary diagnosis of autism. It is the aim of this review 

and meta-analysis to clarify the e扉cacy of the immediate release 
preparation of methylphenidate to reduce hyperactivity in children 

with autistic spectrum disorder. This may help inform the clinical 
appreciation of the beneits/risk ratio that pharmacotherapy might 
have on such a vulnerable population.

Methods

Objectives

The study objectives were threefold: i) To perform a systematic 
review by searching several databases to identify relevant literature 

on the use of stimulant medication for treating ADHD-related 

symptoms in children with ASD. The search focused on studies 

that assessed the use of methylphenidate in children and  

adolescents, (3-14 years of age) as it is the irst line medication 
for treating ADHD and ADHD symptoms in ASD within the 

UK. ii) To extract relevant data from randomized control studies, 
in order to perform a meta-analysis to determine the scope of  

e悲ectiveness of methylphenidate to control problematic ADHD-like 

behaviours in children and adolescents with ASD. iii) To conduct 
a concomitant appraisal of the tolerability of methylphenidate in 

this patient sub grouping.

A decision was made to concentrate this study only on the  

e悲ectiveness of immediate release MPH as this comprised the 
greatest number of completely homogeneous studies which were 

amenable to comparison utilising the meta-analytical approach.

Inclusion criteria

This review involves an analysis of studies that focused on use 
of MPH in treating ADHD related symptoms in children and  

adolescents with ASD. Each study that met the pre-deined inclusion 

criteria was analysed and summarized within the following  
categories: a) Methods used - specifying rating scales employed, b) 

Aims of the study i.e., assessment of e扉cacy, tolerability, c) Duration 

and sample size, d) Results e) Limitations and conclusions. 
To assess the certainty of the evidence stated by each of the  
selected studies, the studies were critically appraised, taking into 

consideration the study design

Search strategy

The following databases were searched: PsycINFO, PubMed-MED-

LINE, Cochrane Controlled Trials and Web of Science. The search 
terms were as listed below:

Pervasive Developmental Disorders (PDD) / Methylphenidate / 
Hyperactivity / Children
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Autism (Autistic Spectrum Disorders) / Methylphenidate / Hy-

peractivity / Children
Asperger’s Syndrome / Methylphenidate / Hyperactivity / Children
Pervasive Developmental Disorders PDD / Ritalin / Hyperactivity 
/ Children
Autism (Autistic Spectrum Disorders) / Ritalin / Hyperactivity 
/ Children
Asperger’s Syndrome / Ritalin / Hyperactivity / Children
Pervasive Developmental Disorders PDD / Concerta / Hyperactivity 

/ Children
Autism (Autistic Spectrum Disorders) / Concerta / Hyperactivity 
/ Children
Asperger’s Syndrome / Concerta / Hyperactivity / Children
Pervasive Developmental Disorders (PDD) / Stimulant / Hyper-
activity / Children
Autism (Autistic Spectrum Disorders) / Stimulant / Hyperactivity 
/ Children
Asperger’s Syndrome / Stimulant / Hyperactivity / Children
The search was completed in January 2012. The reference lists 
for the studies meeting the inclusion criteria were reviewed to 

identify any additional studies that also met the inclusion criteria.

A follow up search was conducted in May 2017 utilising the same 
search criteria, which uncovered four additional studies. These 
studies were of topic relevance, but could not be included in the 

meta-analysis for the reasons given in the inclusion & exclusion 
criteria section below.

Inclusion and exclusion criteria

To be included, studies had to have been written in English. The 
subjects had to be aged between 3-18 years. Though stimulant med-

ications are licensed for children over the age of 6 within the UK, 
we felt that it was vital for pre-school aged children to be included 

as there have been reports of use in children under 6 years [28]. The 
subjects had to meet the diagnostic criteria for ASD (di扉culties in 
social communication & inlexibility of behaviour) in accordance 
with the Diagnostic & Statistical Manual of Mental Disorders DSM5, 
(2013) or The International Classiication of Diseases-11, (2012). The 
presence of any other co-morbidity led to the study being excluded 

to limit dependent variables and avoid the results of the studies 

being explained by other contributing factors. Other comorbidities 
commonly existent with ASD include a悲ective disorders, depression 
and anxiety and Obsessive Compulsive Disorder (OCD). Participants 
included in our analyses had only diagnoses of ASD + ADHD to 

allow as homogenous a set of participants as was feasible.

For ease of comparison, only studies utilising Immediate Release 

Methylphenidate (IR-MPH) were included. This was decided since 
IR- MPH is the most widely used stimulant drug in children within 

the UK and also so as to avoid any variability in dose conversions 
of other stimulant drugs. Insu扉cient reports of extended release 
formulations of MPH existed of su扉cient homogeneity to be able 
to perform meta-analysis. Case reports were excluded as their 
methodology was not considered rigorous enough.

An additional four studies were found in the follow up literature 

search conducted in 2017. These were considered of interest for 
synthesis of indings and have been included in the discussion, 
but could not be included in the meta-analysis for the following 

reasons: Maia et al., [29] presented a secondary analysis of the 
RUPP study data which had already been included in our analysis; 
Marco et al., [30] presented data using immediate release MPH 
however the study design was not homogeneous with our analyses; 
and Madras et al., McCracken et al., [31,32] both conducted trials 
with extended release methylphenidate in subjects with ASD + 

ADHD. (Figure 1).

Figure 1: Flowchart depicting the strategic process utilised in the selection and exclusion of relevant research studies to be included 

in the systematic review and meta-analysis.
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Ghuman et al. [19]RUPP [32]Handen et al. [21]Quintana et al. [38] 

4 weeks4 weeks3 weeks6 weeksDuration

1466ab1310Sample size

ADHD subscale of the 

CPRS
Teacher-rated hyperactivi-

ty subscale: ABC
CTRS hyperactivity index, 

ABC+ABC Hyperactivity, CTRSPrimary out-

come

13 (92.9)59 (89.4)10 (76.9)6 (60)Male (%)      

1 (7.1)7 (10.6)3 (23.1)4 (40)Female

3-5.9 (4.8)5-14 (7.5)5.6 – 11.2 (7.4)7-11 (8.5)Age range 

(Mean)

2.5 - 20mg

L:0.375mg/kg (2.5-5mg)

M:0.75mg/kg (5-10mg)

H:1.5mg/kg (10-20mg)

L:0.6-0.9mg/kg, *(5-10mg)

H : 1 . 2 - 1 . 8 m g / k g * ( 1 0 -
20mg)

L:20mg,

H: 40mg
Daily Dose

7 (50%) rated as respond-

ers.

35 (49%)

rated as responders.

8 (62%) rated as

responders.

No quantitative igures men-

tioned.

E悲ectiveness

of MPH  

Study Characteristics:
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Study selection & data extraction

Eight potentially relevant studies were identiied and the full text 
articles were obtained and read in full. The studies were then 
grouped within their respective study design and summarized 
in tabular format for comparison. Information on study design, 

sample size, sex ratio, and research tool used to assess ADHD 
symptoms, dose, e扉cacy and tolerability of MPH was extracted 
independently by two of the research team. Four of the studies 

were randomized control trials; [4,32-34]. One study was a retro-

spective and prospective quasi-experimental study design [5]; Two 
population based studies were also reviewed [11,35] in addition 
to one open pilot study [36].

Data analysis

The meta-analytical style of data analysis tends to be used in 
the context of systematic reviews of Randomized Control Tri-
als (RCT’s) and this is why it was chosen for this comparative 
study. The design of these RCTs is usually based on patients 
being randomly allocated to one of two di悲erent but parallel 
treatment groups [37]. All four of our RCTs which were selected 
were cross-over trials, whereby each patient acted as his/her own 
control, and received two or more treatments; and the sequence 

of treatment was randomized. These criteria assured complete 
homogeneity of data and meant that the four studies selected were 

amenable to analysis utilising the meta-analytical approach. Data 

on treatment beneits i.e. those classed as responders and those 
classed as non-responders within the RCTs was extracted, and 
comparatively analysed [38].

Results

In order to maintain and ensure homogeneity of data, a decision 

was made to focus only on the four Randomized Control Studies 

(RCTs) which are summarized in table 1 below. The study design 
and doses used in the four studies were similar, all being (RCT)
s with cross-over trials, whereby each patient acted as his own 

control and received two or more treatments; the sequence of 
treatment being randomized. A meta-analysis (ixed model), 
was performed based on the teacher/practitioner ratings on the 
Aberrant Behaviour Checklist (ABC hyperactivity subscale)  

following treatment with placebo or methylphenidate. The study 
by McCracken et al., [32] was excluded as it did not quantitatively 
report on how many children had responded or not responded to 

MPH treatment.

Table 1: Summary of the selected randomized control trials of IR-MPH in treatment of ADHD-like symptoms in children/adolescents with 
ASD.

(ABC: Aberrant Behaviour Checklist; AD: Autistic Disorder, AS: Asperger’s Syndrome, ASD: Autism Spectrum Disorders; b.i.d: Twice 
daily dosing; CPRS: Child Psychiatric Rating Scale; CTRS: Conners Teacher Rating Scale [38] RUPP: Research Unit on Paediatric  
Psychopharmacology, t.i.d: Three times daily.)

 a Initially 72 subjects enrolled in the test dose phase, 6 exited owing to adverse e悲ects b At high dose n=50. L= low dose, M = Medium 
dose, H= High dose. *Approximate dose ranges based on age and body weight.

The total number of participants showing positive response to 
IR-Methylphenidate across all studies ranged from 47% [32,33] to 
59%. This indicates that positive response rates for children with 

ASD appear to be lower than those quoted for children with a sole 

diagnosis of ADHD. Also, the number of children discontinuing 

from the study ranged from 6% [33,34] to 22% (Figure 2).



p-valueStandard errorMPHStandard errorPlaceboStudy

0.022.9712.14.0519.8Quintana et al. [38]
0.0021.6920.31.6526RUPP [32]
0.0032.6513.334.227.83Handen et al. [21]

Figure 2: Histogram showing the range of response to immediate release methylphenidate across the 

studies. The % number of participants who were classed as responders, (dark grey bars) and the % 
number of participants who discontinued treatment, (light grey bars) during the studies.

Adverse event proile of IR-MPH

The adverse e悲ects experienced were also considered and the four 
most frequent adverse e悲ects following treatment with MPH report-
ed in the RUPP study were; decreased appetite, di扉culty falling 
asleep (insomnia), irritability and gastrointestinal discomfort. The 
adverse e悲ect proiles of the other 3 studies were evaluated using 
the RUPP study as the control measure. The number of subjects 
experiencing each of the mentioned side e悲ects was examined 
from each of the four studies. The Quintana study represented 
adverse events as percentage occurrence, with no mention of 

the number of subjects. The RUPP study and the Ghuman study 
broke down the side e悲ects into those experienced at low dose 
(RUPP: 2.5-5mg; RUPP: 5-10mg) and those experienced at high 
dose (RUPP: 10-20mg; Handen: 10-20mg). The Ghuman study 

only gave the adverse e悲ect proile without breaking down into 
low dose and high dose (2.5-20mg), so it impossible to know how 
many individuals had experienced the adverse-e悲ect.

Eicacy if IR-MPH on hyperactivity

Three studies Quintana et al., [38], RUPP [32], Handen et al., [21] 
looked at mean baseline and post treatment with MPH rating on 

the ABC-Hyperactivity Scale. These results were also represented 

graphically to show whether treatment with MPH improved  

hyperactivity in the subjects (Table 2 and Figure 3). These results 
are based on the high dose for the RUPP study (10-20mg daily) 
and for the Handen study (1.2-1.8mg/kg daily~10-20mg) to closely 
resemble the dose administered in the Quintana study (20-40mg 
daily), in order to achieve homogenisation of data

Table 2: Summary of the mean ratings on the ABC-hyperactivity subscale following treatment with placebo or 
Immediate-Release (IR) Methylphenidate across all three studies.
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Figure 4: Forest Plot depicting the range of e悲ect sizes relative to the mean for the three studies compared.Hedge’s 
g and 95% Conidence Interval (CI) are depicted according to study name. Individual box point symbols indicate the 
e悲ect size for each study, while the horizontal line through each box gives the 95% CI. The diamond gives the average 
CI for all three studies. A= Methylphenidate, B= Placebo.

The lines on the forest plot represent each study plotted according 

 to the Standardised Mean Di悲erence (SMD), which is the  
average score of participants in the intervention group and the 

average of participants in the control group. The black diamond 
at the bottom of the graph shows the average e悲ect size of all 
three studies. From the forest plot, all lines fall on the left-hand 

side of the graph indicating that the participants receiving the 

intervention (immediate release methylphenidate) reported larger 

changes than participants receiving the control condition. The black  
diamond depicts the overall conglomerated e悲ect size, and it sits 
between 0 and -1 showing that the e悲ect size of the three trials is  
approximately -0.65 which can be classed as a moderate e悲ect. 
Therefore, immediate release methylphenidate pharmacotherapy 
displays moderate e扉cacy to reduce hyperactivity scores in children 

with concomitant diagnoses of ADHD & ASD.

Discussion

The presence of hyperactivity, impulsivity and inattention in ASD 
has been commonly observed leading to the use of stimulant 

medication in children with ASD to target such symptoms. This 
study set out to determine the e悲ectiveness and safety of stimulant 
medication when employed in this select population. Initially a 

systematic review was performed which yielded eight studies of 

which four were RCTs. To our knowledge, to date there has not 
been a study that has combined and quantiied current evidence 
from independent papers on e悲ectiveness of stimulant medication 
when used in children with ASD presenting with ADHD symptoms. 

We set out to perform a meta-analysis, using the RCTs from the 
literature review as a way of combining and quantifying current 

evidence on e悲ectiveness of Immediate Release (IR)-MPH.

One of the primary outcomes for three of the RCTs Quintana 
et al., [38], RUPP [32], Handen et al., [21] was the teacher/
practitioner rated hyperactivity on the ABC scale. The place-

bo and following treatment with MPH results were extracted 

and represented graphically with standard error bars. The re-

sults showed that there was some di悲erence between treatment 
with placebo and MPH. To assess the e悲ect of MPH within the 
three studies further, a meta-analysis was performed using the 

same results. The meta-analysis compared placebo and MPH 
e悲ect in reduction of hyperactivity in children, and MPH was 
found to be superior to placebo with summary e悲ects of -0.581  
(95% CI -0.830 to -0.331) based on Hedges’s g index. The negative 
values indicate superiority of treatment with MPH over placebo 

in decreasing hyperactivity. This provided preliminary evidence 
to support short term e悲ectiveness of MPH in children with ASD 
who also present with ADHD symptoms. Our results are in line 
with a recent systematic review by Siegel and Beaulieu [39] that 
quoted the evidence available on use of MPH in treatment of  

hyperactivity as promising. It is important to note that our indings 
are best considered preliminary as the results show reduction in 

hyperactivity only and are based on a small sample size (data 
from three RCTs only). The ratings on the ABC-hyperactivity 
were carried out by teachers in two of the studies [31,32] and 
in the third study [34] they were carried out by psychiatrists  
(practitioners). In all the studies, the teachers/practitioners were 
blind to the doses administered but it is hard to rule out the  

subjective element of rating scales which might have inluenced 
the results. For the Quintana study, the ratings were carried out on 

one day a week only following a three-hour intensive simulated 

structured classroom session, this potentially did not allow enough 

time for environmental adaptations for the participants. There is 
no mention of the frequency or the nature of the environment the 

participants were assessed in the studies [32,33]. There was no 
inclusion of unpublished articles and the total sample size was 
small. There is a need for a larger meta-analysis to conirm these 
results as more study data become available.

It is prudent to note that the vast majority (85%) of the  

Citation: Bratt AM, Masanyero-Bennie B, Kelley SP (2017) A Meta-Analysis of the E扉cacy of Immediate Release Methylphenidate to Reduce Hyperactivity in 
Children with Autistic Spectrum Disorder. J Pharm Sci Exp Pharmacol 2017: 11-20.

J Pharm Sci Exp Pharmacol 2017: 11-20.                                                                                                                                                                                           .06. 

Meta analysis of eicacy of IR-MPH on hyperactivity 

measure

We utilised the Teacher rated mean ABC-Hyperactivity sub-

scale score, which was one of the primary outcome measures of 

three of the RCTs Quintana et al., [38], RUPP [32], Handen et 
al., [21] as our outcome indicator. A meta-analysis was carried 
out using a trial of the Comprehensive Meta-Analysis software  
(www.meta-analysis.com) to compare the placebo versus IR-MPH 

e悲ect and the results are represented as a forest plot in igure 4. 

E悲ect sizes for the measures in each study were expressed as Hedg-

es�s g value. Hedges�s g uses n-1 to calculate standard deviation 

and is considered accurate since it allows for an adjustment for 

small sample size. These e悲ect sizes were computed by taking the 
mean on the ABC following MPH minus the mean of the placebo 
divided by the pooled standard deviations. Studies were weighed 

according to the number of participants included. The ixed model 
was used as the studies were almost functionally similar and the 

goal of the meta-analysis was to compute the common e悲ect size 
for the identiied studies.

http://www.meta-analysis.com/


participants of the studies included in this analysis were boys, 

with only 15% girls (Total pooled N=103). This type of gender 
disparity in the prevalence of autism has been noted numerous 

times in the literature. A most recent American survey of prevalence 

& characteristics of ASD [40] found ASD prevalence was higher 
for boys (23.6 per 1,000) than girls (5.3 per 1,000); equating to 
a 4.45 (male): 1 (female) ratio, very similar to our indings. It is 
useful to consider whether IR-MPH would have similar beneit 
in girls with comorbid ASD/ADHD? Considering the paucity 
of actual clinical data from females, we cannot be exact in our 

estimations. However, very recent study surveying 566 males 
and 113 females with ASD concluded that there were no gender 
di悲erences in ASD symptom severity [41]. If we consider that 
characteristics and severity of the presentation of ASD may im-

pact upon pharmacological treatment e扉cacy and behavioural 
control, this may allow us to surmise that MPH treatment could 

be equi-e悲ective at reducing some symptoms of ADHD, such as 
hyperactivity, in both genders?

To further assess e悲ectiveness and safety, data on response rate, 
discontinuation rate and adverse-e悲ects was also extracted from 
the RCTs. One of the RCTs [32] did not have quantitative data 
on response rate, so it was excluded. The combined percentage 
response to MPH for the remaining three RCTs [33,34] and was 
50.5% and the discontinuation rate was 17.7% due to adverse drug 
e悲ects, which gave some indication on safety and tolerability of 
MPH in ASD. There was a general increase in subjects experiencing 

adverse e悲ects as the dose was increased, but it was unclear 
why a high proportion of subjects from the [33] experienced an 
adverse e悲ect following placebo treatment. None of the RCTs 
had compared response and safety of MPH in an ADHD only 

group in comparison to ASD combined with ADHD symptoms. 

A retrospective and prospective study by NICE [4] was the only 
study that did a comparison of stimulant medication in children 

with ASD combined with ADHD symptoms and ADHD alone. 

The study showed improvements in target symptoms in both 
groups without any signiicant di悲erences in the magnitude of 
improvement between the groups. Sleep di扉culties were among 
the commonly reported side e悲ects and there were no statistically 
signiicant di悲erences in side-e悲ect proiles of the two groups. The 
study was done over a short period of time (1-6 months duration), 
hence no indication of long-term e悲ectiveness of MPH.

The RCTs did not evaluate long term e悲ectiveness as they were 
carried out over a short period of time, but two retrospective 

studies [11,36] evaluated effectiveness and tolerability of  
stimulant medication in children and adolescents. The study by [11] 
concluded that stimulants appeared to be ine悲ective and poorly 
tolerated as adverse e悲ects were observed in 57.5% of the trials 

evaluated. On the other hand, the study by Pearson et al., [36] 
concluded that there was some improvement in the target  

symptoms of hyperactivity, impulsivity, disinhibition and  

inattention, and side e悲ects were not sustained throughout treatment 
episodes. It remains unclear whether stimulant medications are 

beneicial in the long term, since most clinical trials are of short 
duration and do not include a maintenance data collection phase. 

It is quite alarming that even for ADHD only; an indication for 
which there has a far more established use of stimulant medication; 

there is limited and inconsistent evidence for positive clinically 

relevant long-term e悲ects of stimulant medication. Long term 
follow-up data of the MTA study [35] (the biggest study to date 
on ADHD) failed to provide support for long term advantages of 

medication treatment and symptom control [42]. Discontinuation 
rates for immediate-release methylphenidate in ADHD have been 

reported to be in the region of 36-51% within one year of treatment 
initiation and are due to adverse drug e悲ects, non-compliance or 
adherence issues [28].

From the collective information that was evaluated in this study, 

the e悲ectiveness of IR-MPH in the short term is promising. These 
indings should be viewed with caution as they are based on  
hyperactivity only. However more recent studies have indicated that 

other behaviours may be improved by methylphenidate treatment. 

Studies [20] completed a secondary analysis of the RUPP data 
(already included in this meta-analysis assessing hyperactivity), 

and showed evidence that MPH has positive e悲ects on social  
behaviour (joint attention, self-regulation and a悲ective state) 
utilising a 4-week crossover placebo vs increasing doses of MPH 
over 1 week in 33 participants with ASD + ADHD. Also, when 
considering use of extended release formulations of MPH [27] 
demonstrated positive dose-related e悲ects to decrease hyperactivity, 
irritability, lethargy and stereotypy in a 6 week trial (N=27 
participants). Social behaviours were improved and aspects 

of impulsivity, inattention and oppositional behaviours were  

attenuated by extended release MPH in a further study conducted 

by McCracken et al., [31]. These studies could indicate that 
stimulant treatment in at least a sub-group of young children/
young people with ASD + ADHD could have more of a holistic 

beneicial e悲ect?

The adverse drug e悲ects which are apparent from this study 
are likely to be an unpredictable drawback in the use of MPH. 

The most commonly reported adverse e悲ects of MPH in ASD 
are appetite suppression, sleep disturbances and irritability  

[12,31-35,43,44] but why may adverse e悲ects appear to be more 
frequent and severe in ASD?

The frequency and severity of adverse e悲ects could have neu-

rochemical, genetic or behavioural underpinnings. From a  

behavioural perspective side e悲ects are likely to be partially 
due to the augmentation of problems already present in ASD as 

a result of treatment with MPH. Sleep disturbances are highly 

frequent in ASD with prevalence rates ranging from 50-80% [45], 
they are multifactorial with a variety of mechanisms purported. 

Hypersensitivities to sound, light, certain textures or fabrics and 

abnormalities in melatonin release (amount or timing) may all 

contribute to sleep disturbances [31]. MPH is known to increase 
extracellular levels of DA by disrupting the function of DAT, 
thus enhancing DA signalling in reward and motor pathways 

[46]. This results in promotion of arousal and physical activity, 
further impeding sleep in children with ASD. Inadequate sleep 

is associated with exacerbation of core ASD symptoms such as 

deicits in social skills, increased aggression, tantrums as well 
as emotional di扉culties which are equally as undesirable as the 
ADHD-like symptoms.

Children with autism are reported as having selective eating 
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habits and refuse many foods as they have a strong preference 

for sameness in colour and texture [46]. This has been linked to 
tactile and olfactory hypersensitivity which results in children 

with ASD having di扉culties with food textures or smells [39]. 
Stimulant medications such as MPH are associated with a  

decrease in appetite. The combination of appetite decreases and 
selective eating habits is likely to result in inadequate nutrition 

and reduction in caloric intake which in the long term will lead 

to more pronounced growth deicits in this vulnerable population. 

A pharmacogenetics study conducted by Marco et al., [30] interestingly 

addresses the large variation in both response and tolerability to 

stimulant medication in the ASD + ADHD population. This was 
quite a large study (N=64) measuring hyperactivity in a blind 
cross over design 4-week study with 3 doses of MPH. The study 
showed 25% of the participants with much improved hyperactivity, 
which is in agreement with our meta-analysis. The McCracken 
study [24,33] also reports a 22% discontinuation rate due to side 
e悲ects, and this showed high correlation with variants in several 
genes related to elements of monoaminergic modulation (such as 

the dopamine transporter protein and dopamine receptors, D1/D3/
D4). This study shed fascinating light on the possibility that there 
may be a greater sensitivity to the pro-dopaminergic e悲ects of 
stimulants such as methylphenidate within the ASD population.

Do the short-term beneits of MPH outweigh long term risks? 
This question is beyond the scope of this paper but highlights the 
need for further investigations of the e悲ects of MPH in the long 
term. It also highlights the need for pre-medication assessments 

that can aid clinicians in the identiication of those children who 
are likely to experience severe adverse e悲ects from treatment. 
There is also a need for a clearer understanding of the aetiology, 
neurobiology and neurochemistry of ASD in order to enable 

selective pharmacological treatments to be employed that target 

core behavioural deicits.

Conclusion

The aim of this research was to investigate the e悲ectiveness of 
IR-Methylphenidate stimulant medication in children with ASD 

who present with ADHD symptoms and also to consider its  

tolerability proile. Results of the study indicated that short-term 
use of IR-MPH has moderately beneicial e悲ects in reducing  
hyperactivity in children with ASD. These results are best considered 

 preliminary as they are based on three RCTs only, all with quite 
small sample sizes. There is a need for further analysis as more 
study data on medication used to manage the aforementioned 

target symptoms becomes available. Safety of MPH appears to be 

a real issue as a high number of adverse e悲ects were experienced 

within the studies, which were severe enough to lead to  

frequent treatment discontinuation. It is interesting to consider if 

there is/are any particular characteristic(s) of the ASD phenotype 
which may predict higher propensity to experience an intolerable 

side e悲ect proile with stimulant medication, however, further  
investigations are required to conirm this.

Future Research

Future investigations may shed light on what factors predict side 

e悲ect proile in this population. It might be of value to evaluate the 
e悲ects of subtypes within ASD as results from the study by Cer-
mak et al., [11] indicated that children with Asperger�s disorder 

were more likely to positively respond to treatment than  

individuals with autistic disorder [37] also stated that the subtype 
of ASD appeared to have an inluence on response or tolerability to 
MPH as children with Asperger’s disorder or PDD-NOS tolerated 
MPH better. Obviously, a study of individualized treatment and 
dose titration for each child must be considered alongside other 

conceivable variables a悲ecting overall outcome. There is also 
a need to identify the clinical and biological variables that can 

predict which children would respond to treatment with stimulant 

medication and hence avoid exposure in those children who would 

otherwise develop adverse e悲ects.

There is also a need for longitudinal studies to assess the e扉cacy of 
methylphenidate available in more extended release formulations 

as an extension of this work. With a need to study the e悲ects of 
MPH over a longer period by conducting RCT’s with inherent 
maintenance phases. This might help to identify if there is any 
correlation between typical ASD symptoms and severity of adverse 

medication e悲ects commonly observed.
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