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Abstract

Many children with pervasive developmental disorders (PDD) exhibit behaviors and symptoms of
attention-deficit/hyperactivity disorder (ADHD). We sought to determine the relative efficacy of
medications for treating ADHD symptoms in children with PDD by identifying all double-blind,
randomized, placebo-controlled trials examining the efficacy of medications for treating ADHD
symptomsin children with PDD. We located seven trials involving 225 children. A random effects
meta-analysis of four methylphenidate trials showed methylphenidate to be effective for treating
ADHD symptomsin children with PDD (ES = .67). Several adverse events were greater for
children were taking methylphenidate compared to placebo. Anindividua tria of clonidine and
two trials of atomoxetine suggest these agents may also be effective in treating ADHD symptoms
in children with PDD.
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Currently, the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric
Association; APA, 2000) prohibits a comorbid diagnosis of attention-deficit/hyperactivity
disorder (ADHD) in individuals diagnosed with a pervasive developmental disorder (PDD;
e.g., autism, Asperger’ s disorder, pervasive devel opmental disorder, not otherwise
specified). However, many individuals with PDDs exhibit behaviors and symptoms
associated with ADHD. Comorbidity of ADHD symptomsin individuals with PDDs have
generally been reported to be between 30- and 50% (Sinzig, 2009) (Leyfer et al., 2006;
Simonoff, 2008) although even higher rates (e.g., in excess of 70%) have been reported in
clinical samples (Frazier, 2001; Lee & Ousley, 2006). It remains a matter of debate whether
ADHD symptoms in children with PDD should be regarded as a comorbid condition (i.e.,
PDD and ADHD) or as common symptoms of the underlying developmental disorder (van
der Meer et d., 2012) (Gargaro, 2011; Grzadzinski; Hazell, 2007; Lecavalier, 2006; Sinzig,
2009). Regardless, ADHD symptoms in children with PDD cause significant obstacles to
educational achievement, socialization, and behavioral management,(Holtmann, Bolte, &
Poustka, 2007; Y erys, 2009), just as they do in children with typical development. Since the
expression of ADHD symptomsin children with and without PDDs appear similar, children
with PDD may benefit from the same systematically tested, evidence-based treatments that
have proven successful in typically developing children with ADHD.

Correspondence concerning this article should be addressed to Brian Reichow, Y ale Child Study Center, 230 South Frontage Road,
New Haven, CT 06519, 203.737.1352 (phone), 203.785.7402 (fax). brian.reichow@yale.edu.
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ADHD isone of the few child psychiatric conditions in which pharmacotherapies have
outperformed systematically implemented behavioral treatment in terms of short-term
efficacy (MTA Group, 1999). Several pharmacotherapies have demonstrated significant
short-term efficacy for the treatment of ADHD including psychostimulant medications (i.e.
methylphenidate and dextroamphetamine derivatives) and other medications such as
atomoxetine, alpha-2 agonists and desipramine (Cheng, 2007; Connor, 1999; Schachter,
2001; Spencer, 1996). However, several clinical case series have suggested that ADHD
symptomsin children with PDD might respond differently to medications. For instance, a
large retrospective case series of 195 children with PDD treated with psychostimulants
suggested that these medications might have decreased efficacy and worse side effect profile
in children with PDD (Stigler, Desmond, Posey, Wiegand, & McDougle, 2004).

M edications are commonly used to treat behavioral symptoms, including ADHD
symptomatology, of children with PDDs (Aman et al., 2005; Mandell et al., 2008;
Rosenberg, 2010). Roughly one-quarter of children with PDD are prescribed
psychostimulants to treat symptoms of ADHD (Oswald & Sonenklar, 2007). In recent years,
there have been several randomized, placebo-controlled trials examining the efficacy of
pharmacotherapies for the treatment of ADHD symptomsin children with PDD. A recent
systematic review in this area has examined the evidence behind pharmacological treatments
in PDD but did not conduct a quantitative synthesis of available data (M cPheeters, Warren,
et al., 2011). We conducted a meta-analysis to determine which medications have
demonstrated efficacy in treating ADHD symptoms in children with PDD. We also set out to
estimate the magnitude of treatment effects and rate of side effects of these medicationsin
children with PDDs.

Search Strategy for Identification of Studies

Two reviewers independently searched PubMed and Clinical Trials.gov for all relevant
studies in January 2013. The PubMed search was conducted using the term “Child
Development Disorders, Pervasive”’[Mesh] AND (“Methylphenidate’[Mesh] OR
“Dextroamphetamine” [Mesh] OR atomoxetine OR clonidine OR guanfacine).” We used the
PubMed filters to further limit the search to randomized control trials or meta-analyses. The
Clincial Trials.gov search was conducted using a targeted search of the term “autism or
pervasive developmental disorder” and an intervention filter for “Methylphenidate OR
Dextroamphetamine OR atomoxetine OR clonidine OR guanfacine.” Finally, we reviewed
the reference lists of al included articles, reviews, and meta-analyses for citations of
published or unpublished studies not located in the database search.

Selection of Studies

Two reviewers (the first and last authors) independently evaluated the titles and abstracts of
the located studies to determine eligibility for inclusion in this meta-analysis. Studies were
included in this meta-analysis if they were (1) randomized, double-blind, placebo-controlled
trials comparing a medication (e.g., methylphenidate-derivative, amphetamine-derivative,
atomoxetine, alpha-2 agonist) with placebo; (2) medication lasted at least 1 week; and (3)
trials examining ADHD symptoms as an outcome measure.

Outcome Measures

The primary outcome measures for our analyses were standardized measures of global
ADHD symptomatology and adverse events. Acceptable measures of ADHD
symptomatology were, in order of preference, the Conners' Parent and Teacher Rating
Scales (Conners, 2001), SNAP-1V Rating Scale (Swanson, 1992), ADHD Rating Scale
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(DuPaul, Anastopoulos et a., 1998) and generic DSM-1V ADHD symptom scales. We
examined five adverse events: decreased appetite, depression, insomnig, irritability, and
social withdrawal. We also examined three specific symptoms of ADHD symptoms
(hyperactivity, stereotypies, and irritability). Hyperactivity, stereotypies and irritability were
all reported using the corresponding Aberrant Behavior Checklist scale with one exception
(the Nisonger Child Behavior Rating Form Parent Hyperactive subscale was used to report
hyperactivity in one study; Ghuman et al., 2009).

Choice of Summary Statistics

We estimated the difference between treatment and placebo for each trial on ADHD
symptomatology, hyperactivity, irritability, and stereotypies by cal culating the standardized
mean difference effect size with small sample correction (i.e., Hedges g, Hedges, 1985). The
effect size estimate was cal culated from the post-treatment scores and standard deviations
provided in each study report. We chose the standardized mean difference effect size with
small sample correction over the weighted mean difference because multiple measures with
different scales were sometimes used to assess one outcome (e.g., ADHD symptomatol ogy)
and amajority of the studies we located had small sample sizes. We examined the difference
between treatment and placebo for adverse events by calculating the absolute risk difference
(ARD).

Meta-Analytic Procedure

We combined results for the studies examining methylphenidate in arandom effects meta-
analysis using an inverse-variance weighted mean effect size (ES). A random effects model
was used for the meta-analysis because there was evidence of considerable heterogeneity
between the trials. The meta-analyses of ADHD symptomatology, hyperactivity, irritability,
and stereotypic behavior were conducted using the Hedge's g effect size using
Comprehensive Meta-Analysis 2 (Borenstein, 2005) and results were confirmed using
Wilson's MeanES macro for SPSS (Wilson, 2005). Adverse events were combined in a
meta-analysis using Comprehensive Meta-Analysis 2 using the absolute risk difference
(ARD) metric with arandom effects model. Due to the small number of studies, moderator
analyses were not deemed appropriate at this time. We a so decided against conducting a
meta-analysis of the atomoxetine studies given the small number of located studies.

Assessment of Heterogeneity

We conducted two statistical estimates of heterogeneity. The first estimate examined
heterogeneity using the G- statistic, (Hedges, 1985) which provides atest of statistical
significance indicating whether the differences in effect sizes are due to subject-level
sampling error alone or other sources. Because recent criticism has been raised about the
validity of the Q-statistic as atest of homogeneity in meta-anayses, (Heudo-Medina, 2006)
we also estimated heterogeneity using /2, which estimates the proportion of between-studies
variance.

Assessment of Publication Bias

Publication bias occurs when there are unpublished studies with negative results (e.g., file-
drawer problem), and is often a problem when conducting research syntheses. A funnel plot
is often used to detect publication bias, which can be analyzed visually, athough use of a
funnel plot when a small number of studies are located is not recommended (Sterne, 2008).
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Results

Included Studies

We located 32 studies in our search. Seven studies involving 225 participants were included
in our analyses; the reasons for exclusion of the other 25 studies are provided in the flow
diagram shown in Figure 1. Four studies involving 94 participants compared
methylphenidate to placebo, one study involving 8 participants compared an a pha-2 agonist
(clonidine) to placebo, and two studies involving 113 participants compared atomoxetine to
placebo. The characteristics of these seven studies are shown in Table 1.

Methylphenidate Derivatives

Four studiesinvolving 94 participants comparing methylphenidate derivatives to placebo in
children with PDD were located (Ghuman, 2009; Handen, Johnson, & L ubetsky, 2000;
Quintanaet al., 1995; RUPP, 2005). Figure 2 depicts the forest plot of the effect of
methylphenidate on ADHD symptomatology. M ethylphenidate was shown to be superior to
placebo for the treatment of ADHD symptomatology in children with PDDs (ES = .67; 95%
Cl .08-1.27; z= 2.22, p< .05). There was a high degree heterogeneity for the use of
methylphenidate to treat ADHD symptoms (Q(3) = 8.71, p< .05; /2= 66%), however, due
to the small sample of studies involving mostly small sample sizes, we deemed moderator
analyses inappropriate. Likewise, the small number of studieslocated precluded our ability
to use statistical methods or visual analysis to examine the presence or absence of
publication bias, (Sterne, 2008) thus it cannot be ruled out and should be taken into
consideration when interpreting these results.

All four studies also reported the effects of methylphenidate specifically on hyperactivity.
When the results were combined, the results showed methylphenidate was effective in
treating hyperactivity in children with PDDs (ES = .66; 95% CI .30-1.03; z=3.57, p<.
001). Two studies (Handen et al., 2000) and (Quintana et a., 1995) reported data on
irritability and stereotypies. When the results of these studies were combined,
methylphenidate was shown to have moderate, albeit not statistically significant, effectsin
treating irritability and stereotypiesin children with PDDs (ES = .52; 95% CI -.06-1.10; z=
1.77, p= .08 and ES = .47; 95% Cl -.11-1.05; z=1.59, p= .11, respectively).

Adverse events were combined and analyzed using aweighted absolute risk difference,
which calculates the difference in the percentage of cases reporting an adverse event during
the treatment and placebo phases. Three studies reported adverse events; two studies
(Ghuman et al., 2009; RUPP, 2005) reported on all five adverse events and (Handen et al.,
2000) reported on all adverse events except insomnia). Overall, there were a greater number
of adverse events reported during the methylphenidate phase than placebo. Children were
more likely to have (a) decreased appetite (ARD = .17; 95% CI .03-.31; NNH=5.9; 95% ClI:
3.2-33.3; z= 2.36, p< .05), (b) greater insomnia (ARD = .19; 95% CI .02-.36; NNH=5.3;
95%CI: 2.8-50; z=2.21, p< .05), (c) more depressive symptoms (ARD = .07; 95% ClI .
004-.13; NNH=14.3; 95%ClI: 7.7-250; z= 2.07, p< .05), (d) greater irritability (ARD = .14;
95% CI .05-.24; NNH=7.1; 95%Cl: 4.2-20; z= 2.91, p< .01), and (e) higher levels of social
withdrawal (ARD = .07; 95% CI .002-.15; NNH=14.3; 95% ClI: 6.7-500; z= 2.02, p< .05).

Alpha-2 Agonists

One study (Jaselskis, Cook, et al., 1992) was located comparing clonidine to placebo in
eight children with a PDD. No statistically significant findings were found in their study for
our primary (ADHD symptoms) or secondary outcomes (improvementsin irritability,
stereotypic behaviors, and hyperactivity). However, our calculation of Hedge's g for the
primary outcome of improvement in ADHD symptoms and secondary outcome of
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improvementsin irritability show differences favoring the clonidine group to bein the
medium effect range; g= .51; 95%CI -.44-1.45; z= 1.1, p= .29, and g= .64; 95%CI -.
36-1.65; z=1.25, p= .21, respectively. Smaller improvements in stereotypic behaviors (g
=.24; 95%CI -.74-1.23; z= .48, p=.63) and hyperactivity (g=.30; 95%Cl -.63-1.24; z=.
64, p=.53) were also shown. Data on the adverse events we measured for this report were
not provided in this study, but the authors reported increased hypotension and drowsinessin
some children while they were taking clonidine.

Atomoxetine

We located two studies (Arnold, Aman, et al., 2006) (Harfterkamp, van de Loo Neus, et al.,
2012) comparing atomoxetine to placebo in 113 children with aPDD. Asshown in Table 1,
there is alarge difference in sample size between these two studies; 16 participants
participated in the Arnold study and 97 participants participated in the Harfterkamp study.
Statistically significant findings favoring atomoxetine were found on our primary (ADHD
symptoms) and one secondary outcome (hyperactivity) in the Harfterkamp study but no
significant differences were found in the Arnold study. Our calculation of Hedge's g for the
primary outcome of improvement in ADHD symptoms shows atomoxetine made significant
improvementsin ADHD symptoms in the larger Harfterkamp study (g = .83; 95%CI .
39-1.26; z = 3.73, p = .0002) and the secondary outcome of hyperactivity (g=.80; 95%CI .
36-1.23; z = 3.61, p = .0003). The Arnold study showed moderate improvements, although
not statistically significant, on overall improvement in ADHD symptoms (g = .51; 95%CI -.
18-1.19; z= 14, p=.15) but little to no difference for our secondary outcome measures of
stereotypic behaviors (g = .33; 95%CI -.37-1.03; z= .92, p=.36), hyperactivity (g=.23;
95%CI -.45-0.91; z= .67, p=.51), or irritability (g=.10; 95%CIl -.59-0.80; z=.29, p=.77).
The Harfterkamp study reported significantly increased rates of nausea, decreased appetite,
and early morning awakening in the atomoxetine group compared to placebo; similar reports
were made in the Arnold study although their comparisons were not statistically significant.

Discussion

Previous clinical reports have raised the possibility that psychostimulants have decreased
efficacy and worse side-effect profile when utilized in children with PDD (Stigler et al.,
2004). Our results suggest methylphenidate is effectivein treating ADHD in children with
PDD (ES = .67), however it is dightly lower than estimates from studies examining
methylphenidate for ADHD symptoms in typically developing children with ADHD aone
(e.g.,. ES=.78; 95% CI: .64-.91; (Schachter, 2001); ES = 1.03; (Faraone, 2010)). More
studies with adequate power and sample sizes are needed before comparisons between the
efficacy for children with PDD and ASD and uncomplicated PDD for apha-2 agents and
atomoxetine can be made.

Our meta-analysis also demonstrated significantly greater risk of side effects associated with
methylphenidate use in children with PDD when compared to placebo. The higher rate of
side effects in the Ghuman study, (Ghuman, 2009) which was conducted with preschool-
aged children had the highest rate of side effects, thus, using methylphenidate with
preschool-aged children should be closely monitored. Overall, methyl phenidate was
associated with a greater than 15% increase in the likelihood of experiencing both insomnia
and decreased appetite when compared to placebo. These results trandate into a number
needed to harm (NNH) of approximately 6 for both side-effects when compared to placebo.
These adverse event rates, despite being both clinically and statistically significant are
similar to the adverse event rates reported for the treatment of ADHD with this medication
in typically developing children. By comparison a meta-analysis examining the rate of these
adverse eventsin children with ADHD (Schachter, 2001) reported the ARD for insomnia at .
17 (95% ClI: .08-.26) and decreased appetite at .30 (95% Cl: .18-.43). However, we also
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found significantly increased risk of side effects that although identified on labeling as
potential side effects of methylphenidate use, have either not been reported (social
withdrawal) or not identified as being significantly increased (depression and irritability)
with methylphenidate use in randomized, placebo-controlled trialsin children with
uncomplicated ADHD. It is unclear whether social withdrawal, depression and irritability
are unique side effects of methylphenidate in the PDD population or due to diagnostic
uncertainty inherent in the PDD population. For instance, less social engagement in a non-
verbal child with PDD being treated with methylphenidate could be a sign of depression or
social withdrawal as a side effect of medication use or be decreased impulsivity due to
effective control of his ADHD symptoms. Further study of the effects of methylphenidate
for the treatment of ADHD symptomsin children with PDD are needed before more
confident conclusions can be made about its efficacy for children with PDD.

Evidence supporting the efficacy of clonidine and atomoxetine in the treatment of ADHD
symptoms in children with PDD relies on few double-blind RCTs. Although the effect size
estimates of our primary outcome measure appear to be similar for clonidine and
atomoxetine used to treat children with ADHD alone (for comparison, see meta-analyses of
clonidine (Connor, 1999) and atomoxetine (Cheng, 2007)), the small number of studies we
located precludes our ability to use meta-analytic techniques for comparison. More evidence
is needed before more confident conclusions can be reached regarding the efficacy of these
two medicationsin treating ADHD symptoms in children with PDD. Further trials should
focus on confirming the efficacy and establishing the safety profile of these medicationsin
the special population of children with developmental disabilities using well conducted
randomized controlled trials with adequate sample sizes.

It isimportant to note several possible limitations that might have influenced our findings.
First, this meta-analysis was based on a small number of studies including a small number of
participants. Although meta-analysisis atool that can be used to pool results, the confidence
in results with smaller number of studies with small sample sizesis not as precise as that
which can be reached in meta-analyses including alarge number of studies. Examination of
95% ClI in our results, which are quite large, supports this, and suggests caution must be
used until results from additional studies with a greater number of participants are reported.
Furthermore, all meta-analyses are limited by the quality of the original studies, and the
included studies were shown to have mixed quality. Due to the small number of included
studies, we were unable to assess what, if any, impact study quality had on our findings.
Third, our meta-analysis found large heterogeneity (e.g., /2= 66%) for the treatment of
ADHD symptomatology, which we were unable to investigate given the small number of
studies. As more trials are conducted, investigation of possible moderators of effect at both
the individual tria level and meta-analytic level will be valuable in helping identify which
children are most likely to benefit from these medications. We were also unable to test for
publication bias, which therefore must be considered a possible confound.

In conclusion, our meta-analysis demonstrated the efficacy of methylphenidate treatment of
ADHD symptomsin children with PDD. Common side effects such as decreased appetite
and insomnia associated with methylphenidate appear to occur at similar rates when used in
the PDD population, and depression, irritability, and social withdrawal side effects that
appear be more common in children with PDD. Due to the increased risk of side effects,
children with PDD using methylphenidate should be carefully monitored. Two additional
medications that have been studied in randomized double-blind placebo-controlled trials for
the treatment of ADHD symptoms in the PDD population (clonidine and atomoxetine) also
appear to have promising, albeit preliminary, evidence for their efficacy.
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Forrest Plot of Effect Size Estimates for Differencesin ADHD Symptomatology
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Table 1

Characteristics of Included Studies

Study N | Mean Sex Design Length of | JADAD | Medication Mean dose
age y | (%M) Treatment
Arnold et a. (2006) 16 9.3 75 crossover 6 weeks 4 ATOM 44.2 mg/day
Harfterkamp et al. (2012) | 97 | 10.0 86 parallel 10 weeks ATOM 1.2 mg/kg.day
Ghuman et al. (2009) 12 4.8 93 crossover 2 weeks 3 MPH .4 mg/kg/dose
Handen et al. (2000) 13 74 77 crossover 1 week 2 MPH .45 mg/kg/dose
Quintanaet a. (1995) 10 85 60 crossover 2 weeks 3 MPH .40 mg/kg/dose
RUPP (2005) 66 75 89 crossover 1 week 5 MPH .29 mg/kg/dose
Jaselskis et al. (1992) 8 8.1 100 crossover 6 weeks 2 0-2 agonist | .15-.20 mg/day

Page 12

Key: N—samplesize; y — years; %M — percent male; MPH — methylphenidate; ATOM — atomoxetine; a-2 agonist (clonidine); mg/kg/dose —
milligrams per kilograms per does; mg/day — milligrams per day

JAutism Dev Disord. Author manuscript; availablein PMC 2014 October O1.



