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ages 13–17 in special education, 33% of adolescents with 
ASD and ADHD were receiving stimulant medications 
(Frazier et al. 2011).

Notwithstanding the common clinical use of stimulants, 
mixed results have been reported from studies examining 
stimulants in youth with ASD and ADHD. While early case 
and retrospective studies of stimulant medications in ASD 
reported only modest benefit and showed worsening of dis-
ruptive and stereotyped behaviors (Campbell et  al. 1972; 
Schmidt 1982; Volkmar et al. 1985), irritability and social 
withdrawal (Handen et al. 2000), and poor tolerability (Sti-
gler et al. 2004), more recent studies reported more favora-
ble effects (Pearson et al. 2013; Quintana et al. 1995; San-
tosh et  al. 2006). Notably, most of these studies [with an 
exception of Pearson et al. (2013)] examined the effects of 
immediate release (IR) stimulants, and the efficacy and tol-
erability data for extended release (ER) formulations were 
largely derived from studies in typically developing youth 
with ADHD.

A recently developed extended release oral suspension 
preparation of MPH (Quillivant XR) has been shown to 
decrease ADHD symptoms in children with ADHD, with 
an optimal dose range of 20 to 60 mg (Robb et al. 2014). In 
addition to providing more consistent coverage compared 
to IR preparations, because it is in a liquid form, it can 
be precisely titrated and dosed and provides an option for 
children who have difficulty swallowing pills. In this pre-
liminary study, we sought to evaluate the efficacy, safety, 
and tolerability of this preparation, given at various doses, 
on ADHD symptoms in children with comorbid ASD and 
ADHD. We hypothesized that there would be a linear dose 
response effect of MPH dose on ADHD symptoms. We 
also explored whether or not age had moderating effects, 
as previous studies have demonstrated lower stimulant 
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Introduction

Attention deficit/hyperactivity disorder (ADHD) symptoms 
are reported in 22–85% of children with autism spectrum 
disorders (ASD) (Gadow et al. 2006; Goldstein and Schwe-
bach 2004; Lee and Ousley 2006; Rao and Landa 2013). 
Stimulant medications are frequently utilized in youth 
with ASD and/or other neurodevelopmental disorders. For 
example, in a nationally representative study of adolescents 
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response rates in young children (compared to older chil-
dren) (Greenhill et al. 2006).

Methods

Participants

Children were recruited from an Autism Center, Child Psy-
chiatry Clinic, and from a summer treatment program for 
children with social impairments and ASD and/or ADHD. 
All participating children received a physical exam and 
screening labs including complete blood count with differ-
ential, basic metabolic panel, urine toxicity screen, preg-
nancy test (for females of child-bearing potential) as well 
as a 12-lead electrocardiogram (ECG). Vital signs includ-
ing height, weight, temperature, blood pressure, and pulse 
rate were obtained at baseline and reviewed at each follow-
up visit.

To be eligible for the study, participants had to meet 
the following inclusion criteria: (a) ages between 5 and 
17 years; (b) a clinical diagnosis of Autistic disorder or 
Asperger’s disorder by DSM-IV-TR (APA 2000) or ASD by 
DSM-5 (APA 2013); (c) a diagnosis of ADHD based upon 
the Kiddie Schedule for Affective Disorders and Schizo-
phrenia for School-Age Children–Present and Lifetime 
(K-SADS-PL) (Kaufman et  al. 1997); (d) Clinical Global 
Impressions—Severity for ADHD (CGI-S-ADHD) rating 
of 4 (moderate severity) or higher; (e) findings on physical 
exam, labs and ECG judged to be normal for age with pulse 
and blood pressure within 95% of age and gender mean; (f) 
a parent or legal guardian available for informed consent 
and assent for children with developmental age 7 years or 
older; and (g) at least one parent fluent in English.

Children were excluded if they: (a) had a history of sei-
zure disorder (febrile seizures were non-exclusionary); (b) 
hypersensitivity to methylphenidate or other components of 
this formulation (judged by clinician); or (c) significant car-
diac or other medical contraindications for stimulant medi-
cation. Concomitant psychotropic medications other than 
stimulants were permitted as long as the dose had been 
stable for at least 4 weeks prior to screening (Table 1). All 
procedures performed were in accordance with the ethical 
standards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.

Study Design, Procedures, and Measures

This was a parallel group 6-week trial of liquid formu-
lation of MPH ER. After screening, eligible participants 
were randomized to one of the three flexible dose titration 

schedules: Very Low Dose Group (starting dose of 5 mg/
day with potential max dose of 10  mg/day), Low Dose 
Group (starting dose of 5  mg/day with potential max 
dose of 20  mg/day), or Moderate Dose Group (starting 
dose of 5 mg/day with potential max dose of 40 mg/day) 
(Table 2).

In cases of poor tolerability, the dose was reduced to 
the prior level. Blinded (to the treatment group) clini-
cian-raters performed independent evaluations of ADHD 
symptoms and overall impairment at each visit. At study 
conclusion, the maximum dose tolerated in the Moderate 
Dose Group was 20 mg/day, with exception of two chil-
dren who received 30  mg/day. Therefore, the Low and 
Moderate Dose Groups were combined and renamed as 
Medium Dose Group. The mean dose at week 6 in this 
group was 20.28  mg (range = 10–30  mg, 0.5  mg/kg). 
The medium dose group was compared with the Very 
Low Dose Group renamed as Low Dose Group, whose 
mean dose at week 6 was 9.72  mg (range = 7.5–10  mg, 
0.29 mg/kg).

Compliance was assessed by parent/caregiver inter-
view and dose diary; non-adherence was defined as any 
week where more than 25% of doses were missed on any 
measure.

Efficacy Measure

A clinician blinded to the dosing schedule and adverse 
effects completed the ADHD Rating Scale, Investigator 
Version (ADHD RS-INV) weekly to assess the frequency 
of each ADHD symptom. A total raw score change from 
baseline (screening/baseline visit) to the end of the treat-
ment (week 6) was the primary efficacy measure. The 
Clinical Global Impressions—ADHD, Improvement 
scale (CGI-I) was also a key efficacy measure to assess 
global improvement (or worsening) of ADHD symptoms 
compared to baseline.

Table 1   Concomitant medication

Drug type Number of par-
ticipants baseline 
(%)

Sleep medication 10 (37%)
Selective serotonin reuptake-inhibitor (SSRI) 4 (15%)
Laxative 4 (15%)
Antacid/Proton-pump inhibitor 4 (15%)
Asthma/Allergy medications 12 (44%)
Anti-inflammatory 1 (4%)
Thyroid hormone 1 (4%)
Vitamin 11 (41%)
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Secondary Measure

Each week parents completed the aberrant behavior check-
list (ABC) (Aman et  al. 1985) to assess treatment-related 
irritability, social withdrawal (lethargy), and stereotypy, 
and the hyperactivity, attention, learning problems (HALP) 
sleep questionnaire (Stein et  al. 2001) to assess common 
sleep problems.

Exploratory Measure for Moderator Effects

We examined the effects of age on treatment response.

Tolerability and Safety Measures

Vital signs including weight, height, temperature, blood 
pressure and pulse rates, were obtained and reviewed at 
each visit. Response Impressions and Side Effects Check-
list-Kids (RISC-K) is a 38-item parent rating scale devel-
oped by the authors which included an expanded symptom 
list from the original Stimulant Side Effect Questionnaire 
(Barkley et  al. 1990). The 10 most frequently endorsed 
items rated “severe” (>7) were analyzed. Suicidality was 
assessed with the Columbia Suicide Severity Rating Scale 
(C-SSRS) (http://cssrs.columbia.edu/) at screening/base-
line, week 3, and week 6.

Statistical Methods

Unless otherwise noted, all analyses were conducted in 
Stata 14.0 (StataCorp, College Station, Texas). A repeated 
measures mixed model was used to assess the effect of liq-
uid MPH ER dose over 6 weeks on ADHD symptoms. A 
post-hoc test of trend over time was also conducted in each 
treatment group, as were tests of simple effects of treat-
ment at each time point. We assessed moderating effect 

of age on ADHD outcomes by including interaction terms 
between age and treatment group in the models for ADHD 
outcomes.

Statistical significance of differences in frequency was 
assessed using Fisher’s exact test. Weekly recorded vitals 
(pulse, weight, systolic and diastolic blood pressure) of the 
two treatment groups were also summarized and compared 
using Wilcoxon rank-sum tests.

Results

Subject recruitment and flow are described in Consort dia-
gram (Fig. 1). Twenty- seven children met inclusion crite-
ria. At the conclusion of study, 9 were randomized to the 
new Low Dose Group and 18 were randomized to the new 
Medium Dose Group. The demographic and baseline char-
acteristics of the intent-to-treat (ITT) population are shown 
in Table 3. The majority of the subjects were male (92.6%, 
n = 25). In addition to ASD and ADHD, 37.0% (n = 10) of 
participants met criteria for Oppositional Defiant Disorder 
(ODD).

Dose Group, Time, and Age Effects on ADHD RS‑INV 
and CGI (Figs. 2, 3)

ADHD symptoms declined for both groups over the course 
of the study (df = 6, X2 = 130.30, p < 0.0001). There was a 
significant linear trend for declining ADHD RS-INV scores 
for both low and medium dose groups (p < 0.001 in both 
cases), without significant interaction between treatment 
groups (df = 6, X2 = 10.75, p = 0.097). Treatment effects 
(Medium vs. Low Dose) on ADHD outcomes did not differ 
by age.

Improvement on CGI-I was more common for the 
Medium Dose Group (Fig. 3). By the end of trial (week 

Table 2   Original titration schedule

6 Week treatment phase

Screening Randomization Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Day -1 Day 0 (mg) Day 7 (mg) Day 14 (mg) Day 21 (mg) Day 28 (mg) Day 35 (mg) Day 42

Visit schedule Very Low → 
renamed as 
Low Dose 
Group

5 10 10 10 10 10

Titration sched-
ule

Low → renamed 
as Medium 
Dose Group

5 10 15 20 20 20 End of treatment

Moderate → 
renamed as 
Medium Dose 
Group

5 10 15 20 30 40

http://cssrs.columbia.edu/
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6), 33% of the Low Dose Group and 83% of the Medium 
Dose Group achieved a rating of “much improved” 
or “very much improved” on CGI-I. The effect of time 
(week) on CGI-I ratings was statistically significant for 
the Medium Dose Group (Medium Dose vs. Low Dose, 
z = 2.78, p = 0.005).

Dose and Time Effects on ABC subscales and HALP 
Sleep Problems

There were no significant changes on ABC subscales 
between baseline and week 6 for the low dose group. 
However, Medium Dose Group displayed improvements 
on all five ABC subscales (Table 4). There were no sig-
nificant group differences in frequencies of individual 
sleep problems at baseline, week 2, and week 6 on HALP 
sleep questionnaire, and only one child in the Medium 
Dose Group was rated as having a severe sleep problem 
at week 6. Excessive latency to sleep onset (>30  min) 
was the most common sleep problem, reported in 37% 
(n = 10) at baseline, 26% (n = 7) at week 2, and 26% 
(n = 7) week 6.

Safety and Tolerability by Treatment Group

There were no serious adverse events or suicidal behav-
iors reported. When comparing the Low Dose Group to the 
Medium Dose Group, there was a trend of increased pulse 
for the Medium Dose Group (p = 0.07), but there were no 
statistically significant or clinically significant changes for 
any of the vital signs. There were no dose-related increases 
in severe side effects assessed with the RISC-K over the 
course of the study. Interestingly, “rebound at end of day,” 
“aggression,” and “irritable” showed a tendency to decrease 
from baseline for the Medium Dose Group (Table 5).

Discussion

In this study, children with ASD and ADHD displayed lin-
ear reductions in ADHD symptoms regardless of the dos-
ing group they were assigned to, and the dose response 
curves were similar to those of ADHD youth without ASD 
(Stein et al. 2003). However, clinically significant improve-
ments in ADHD symptoms were much more common in 
youth in the medium dose group, which was also associated 

Telephone/Email Interest (n= 69) 

Not meeting inclusion criteria (n=6) 
Refused to participate (n=3) 
♦ Time commitment issues (n=1) 
♦ Too much stress on child (n = 1) 
♦ Good on current dose of medication (n=1) 

Randomized (n=27) 

Enrollment Assessed for Eligibility (n=36) 

Ineligible after phone screening (n=33) 
♦ Distance too far/ out of state/time commitment 

issues (n = 10) 
♦ Not interested/changed mind (n = 11) 
♦ Did not meet study criteria (n = 3) 
♦ Lost to follow-up (n = 9) 

Allocation 

Low dose group 
(n=9) 

Medium dose group 
(n=18)

Completed 
(n=9) 

Completed 
(n=17) 

Discontinued (n=1) 
♦ Withdrew at week 4 due to 

time commitment issues (n=1) 

Fig. 1   The CONSORT diagram shows enrollment to group allocation. The medium dose group was compiled from the groups initially labeled 
low and moderate dose groups
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with improvements in all five ABC subscales, including 
irritability, lethargy, stereotyped behaviors, hyperactivity, 
and inappropriate speech.

Tolerability and compliance were better than expected 
from previous studies, likely because investigators were 
allowed to use their clinical judgement to adjust the dose 
proactively rather than pushing the dose to the maximum 

dose set for the assigned group. While one participant 
discontinued treatment participation prematurely, it was 
due to issues related to scheduling conflicts, not due to 
tolerability. No dose-dependent increases in insomnia or 
other adverse events were observed within the relatively 
low dose ranges and gradual titration strategy utilized in 
this study.

Table 3   Participant 
characteristics in each dosing 
group

Characteristic Low Dose Group (n = 9) Medium Dose Group (n = 18)

Age, y, mean (SD), range 9.33 (2.92), 5–14 9.11 (3.12), 5–15
Male sex, n (%) 8 (89%) 17 (95%)
Race, n (%)
 Caucasian 5 (63%) 10 (67%)
 Asian 0 (0%) 1 (7%)
 More than one 3 (37%) 2 (13%)
 Other 0 (0%) 2 (13%)

Height (cm), mean (SD) 139.43 (18.74) 134.42 (22.71)
Weight (kg), mean (SD) 32.41 (10.13) 36.04 (19.58)
ADHD diagnosis, n (%)
 Predominantly hyperactive-impulsive type 0 (0%) 3 (17%)
 Predominantly inattentive type 5 (56%) 7 (39%)
 Combined type 4 (54%) 7 (39%)
 Not otherwise specified 0 (0%) 1 (5%)

CGI-S, mean (SD), range 4.89 (0.33), 4–5 4.89 (0.58), 4–6
Conner’s parent rating scale
 Inattention T-score, mean (SD) 78.63 (8.03) 83.27 (7.74)
 Hyperactivity/Imp. T-score, mean (SD) 69.75 (16.44) 79.53 (12.38)

Social responsiveness scale
 Social awareness T-score, mean (SD) 70.67 (15.28) 74.22 (11.13)
 Social cognition T-score, mean (SD) 72.11 (12.04) 79.61 (10.17)
 Social communication T-score, mean (SD) 74.44 (12.06) 79.78 (11.10)
 Social motivation T-score, mean (SD) 69 (7.66) 76.94 (15.12)
 Autistic mannerisms T-score, mean (SD) 76.11 (12.56) 83.78 (9.25)
 Total T-score, mean (SD) 76.11 (11.32) 83.28 (10.77)
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Unlike previous studies that demonstrated lower stimu-
lant response rates in young children (compared to older 
children) (Greenhill et al. 2006), we did not find age to be 
a significant moderator of treatment response in this study. 
This may be due to our minimum age limit set at 5 years 
[older than those in the Preschool ADHD Treatment Study 
(PATS)] and relatively restricted age range.

Our findings should be viewed in light of several meth-
odological limitations. First, as this was a pilot study with 
a modest sample size, we did not control for multiple com-
parisons. Second, we did not have a placebo arm to control 
for expectancy effects and parents were aware of titration 
changes. Third, although sleep problems were modest and 
not related to the liquid MPH ER dose or time, it should 
be noted that 37% of the children were receiving a sleep 
medication (e.g., melatonin, alpha-2 agonist at baseline) 
and were allowed to continue during the course of the 
study. Fourth, this was a single site study of predominantly 

boys and relatively homogenous in terms of ethnicity and 
social economic status; therefore, findings may not be gen-
eralizable to other samples. Fifth, since many of the study 
participants enrolled during the summer, we were not able 
to utilize teacher ratings to assess outcomes on classroom 
symptoms and functioning. Similarly, we did not formally 
perform neuropsychological testing (e.g., cognitive testing) 
to better characterize the sample. In addition, we included 
participants with a clinical diagnosis of ASD based on 
either DSM-IV-TR or DSM-5. It is unlikely, however, 
that subtle differences in diagnostic criteria or procedures 
would greatly influence the robust findings.

In summary, liquid MPH ER appeared to be effective at 
low- to moderate dose ranges (10–30 mg daily) in reduc-
ing ADHD symptoms and was well tolerated in our study 
participants. Clinically significant improvements in ADHD 
symptoms were noted more frequently in children in the 
Medium Dose Group (mean dose = 20.28  mg/day) with 

Table 4   ABC subscale scores at 6 weeks versus baseline, for each dosing group of liquid MPH ER

*Wilcoxon rank-sum p value. Statistical significance indicated by bold font. **Z score. IQR inter-quartile range

Symptom Low dose Medium dose

Median (IQR) p value* Median (IQR) p value*

Baseline (n = 9) Week 6 (n = 9) Baseline (n = 18) Week 6 (n = 18)

Aberrant behavior checklist
Irritability** 0.82 (−0.45, 2.10) 0.40 (−0.45, 2.38) 0.86 1.11 (0.26, 1.67) −0.24 (−0.87, 0.26) 0.003
Lethargy** 0.64 (0.22, 0.92) 0.08 (−0.34, 0.64) 0.23 1.61 (0.92, 2.18) −0.13 (−0.34, 0.50) <0.001
Stereotypy** 0.31 (−0.74, 0.58) −0.48 (−0.74, 0.31) 0.53 0.57 (−0.48, 2.69) −0.61 (−0.74, 0.31) 0.024
Hyperactivity** 0.30 (−0.25, 2.13) 0.30 (−0.52, 1.21) 0.22 1.13 (0.57, 1.67) −0.25 (−0.62, 0.12) <0.001
Inappropriate. speech** 1.20 (−0.45, 4.50) 1.20 (−0.46, 2.03) 0.42 4.09 (1.20, 5.33) 1.20 (−0.46, 2.03) 0.007

Table 5   Frequency of SEVERE side effects, by treatment group

Statistical significance indicated by bold font
Severe symptoms defined as 7 or higher on the scales used

Symptom Low dose Medium dose

n (%) p value n (%) p value

Baseline (n = 9) Weeks 1–6 (n = 54) Baseline (n = 18) Weeks 1–6 (n = 108)

Difficulty falling asleep 3 (33%) 10 (19%) 0.38 4 (22.2%) 12 (11.5%) 0.25
Rebound at end of day 2 (29%) 8 (15%) 0.32 5 (31.3%) 12 (11.4%) 0.049
Aggression 3 (33%) 6 (11%) 0.11 5 (27.8%) 6 (5.8%) 0.011
Decreased appetite 2 (22%) 3 (6%) 0.15 1 (5.6%) 14 (13.3%) 0.70
Irritable 3 (33%) 5 (9%) 0.083 8 (44.4%) 5 (4.8%) <0.001
Stomachaches 1 (11%) 0 N/A 0 0 N/A
Headaches 0 1 (2%) N/A 0 0 N/A
Picking 1 (11%) 0 (0%) 0.14 2 (11.1%) 3 (2.9%) 0.16
Jittery or nervous 1 (11%) 1 (2%) 0.27 0 (0.0%) 2 (1.9%) 1.00
Tics 1 (11%) 1 (2%) 0.27 1 (5.6%) 2 (1.9%) 0.38
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adequate tolerance to stimulant side effects. Future studies 
are needed to replicate findings and examine moderators 
of response with a larger sample of youth with ASD and 
ADHD to assess generalization and to examine the long-
term impact on impairment and functioning.
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