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SPECIAL REPORT
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ABSTRACT
Introduction: Insomnia is common among children and adolescents with Autism spectrum disorder 
(ASD). The first drug licensed for insomnia in this population, a pediatric-appropriate prolonged-release 
melatonin (PedPRM) formulation is described.
Areas covered: Literature search on  PedPRM efficacy and safety profile in clinical trials, and a proposed 
decision-making algorithm to optimize outcome  in the treatment of insomnia in children and 
adolescents with ASD.
Expert opinion: PedPRM treatment effectively improves sleep onset, duration and consolidation, and 
daytime externalizing behaviors in children and adolescents with ASD and subsequently caregivers’ quality 
of life and satisfaction with their children’s sleep. The coated, odorless and taste-free mini-tablets are well- 
accepted in this population who often have sensory hypersensitivity and problems swallowing standard 
tablet preparations. The most frequent long-term treatment-related adverse events were fatigue (6.3%), 
somnolence (6.3%), and mood swings (4.2%) with no evidence of delay in height, BMI, or pubertal 
development, or withdrawal effects. The starting dose is 2 mg once daily independent of age or weight, 
escalated to 5–10 mg/day if predefined treatment success criteria are unmet. Slow melatonin metabolizers 
(~10% of children), may require lower doses. Given its long-term efficacy, safety and acceptance, PedPRM 
may ameliorate long-term consequences of insomnia in this population.
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1. Introduction

1.1. Sleep in children and adolescents with autism 
spectrum disorder (ASD)

ASD is a complex, pervasive, and multifactorial neurodevelop
mental disorder (DSM-5) [1] affecting about 1 in 54 live births 
[2]. Its core features are persistent deficits in social interaction 
and communication and restricted, repetitive patterns of 
behavior or interests. Co-occurring mental health or psychia
tric conditions such as attention-deficit/hyperactivity disorder 
(ADHD) and sleep disorders, particularly insomnia, are com
mon, impairing quality of life [3–7]. In pediatric patients with 
ASD, or certain neurogenetic disorders (e.g., Smith Magenis 
Syndrome (SMS); chromosome 17p11.2 deletion syndrome 
associated with physical and intellectual difficulties and autis
tic traits)), the prevalence of insomnia is as high as 50%–75% 
[1,8–11]. Of children with ASD and insomnia 41% have diffi
culties initiating sleep and 54% have difficulties maintaining 
sleep and/or early awakening culminating in insufficient sleep 

duration (total sleep time; TST) [12,13]. Sleep problems in early 
childhood may precede the diagnosis of ASD [14–16].

Sleep plays a fundamental role in the neurological, psycho
logical and physical development and health of children and 
adolescents [17,18] TST deficits in early childhood are asso
ciated with externalizing problems such as hyperactivity- 
impulsivity, poor cognitive and mental performance, and 
have detrimental effects on the child’s social development in 
both typically developing (TD) children [19–21] and those with 
ASD [22–27]. The risk of having ADHD as a comorbidity is 
significantly higher when a child with ASD has sleep problems 
[3–5,15,28]. Importantly, lower TST is associated with poorer 
total and psychosocial pediatric quality of life (PedsQoL) in 
children with ASD [29]. If left untreated, especially in children 
under 6 years of age, insomnia also has the potential to 
exacerbate the core symptoms of ASD [16].

Sleep continuity (LSE; the longest continuous sleep epi
sode) is also important [30,31]. Less than 6 hours of uninter
rupted sleep has been associated with negative behavioral 
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outcomes in children with ASD; children with high irritability 
and high stereotypic behaviors had shorter continuous sleep 
periods, compared to children with lower irritability, or less 
stereotypies [32].

The severity of sleep problems is of particular concern in 
light of the increased burden and stress experienced in par
enting a child with ASD and the potentially adverse effects of 
sleep problems and insufficient sleep on the child’s daytime 
behavior and functioning [33–37]. Sleep disruption in the child 
affects overall family sleep, health and well-being and may 
negatively impact parental employment, education and health 
[38–43], and is associated with maternal depression and family 
disorganization [44–46]. Both parents and children perceive 
insomnia to be one of the most challenging health effects of 
autism and generally regard improved sleep as one of the 
most important benefits sought when considering treatment 
options for autism [47,48].

1.2. Overview of the pediatric insomnia 
pharmacotherapy market

As a general tenet of pediatric practice, sleep hygiene mea
sures and/or behavioral therapy are first-line approaches to 
insomnia, and entail techniques intended to improve sleep 
habits [49]. Behavioral sleep interventions for autism have, 
on average, moderate effectiveness [50] and may be followed 
by collateral improvement in children’s daytime functioning 
and wellbeing [51].

Until recently, there was no approved drug for the treat
ment of insomnia in children. Various medications were used 
‘off-label’ despite limited efficacy and long-term safety data 
supporting their use in treating insomnia in children and 
particularly children with ASD [6,49,52,53]. Melatonin is 
a neuro-hormone produced by the pineal gland during noc
turnal periods (production is suppressed by ambient light, 
predominantly blue light) to properly time circadian sleep- 

wake rhythms and enhance sleepiness [54]. Reasons for the 
increased frequency of sleep disturbances in children and 
youth with ASD include, inter alia, differences in melatonin 
metabolism and abnormal melatonin secretion [23,55–58]. 
Exogenous melatonin (available as a food supplement in 
some countries, or pharmaceutically compounded prepara
tions in most countries) is most commonly used for sleep 
problems in ASD [59], related to the pathophysiology of 
insomnia in this population. A meta-analysis of five double- 
blind randomized cross-over studies of melatonin preparations 
vs placebo in children with ASD showed improvement in sleep 
duration (44 min compared with placebo) and sleep-onset 
latency (39 min compared with placebo) [23]. A randomized 
double-blind study of immediate release (IR) melatonin or 
matched placebo capsules in 112 children with neurodevelop
mental disorders (43% with ASD) who failed behavioral inter
vention indicated that melatonin (3 months) increased total 
sleep time by 22.4 minutes and reduced sleep onset latency 
measured by sleep diaries (−37.5 minutes) but was associated 
with earlier waking times than placebo (29.9 minutes) [60]. The 
effects of behavioral intervention and controlled release mel
atonin are reportedly additive [61] A prolonged-release mela
tonin (Circadin®), prescription drug designed to mimic the 
endogenous pattern of melatonin production, is licensed for 
insomnia characterized by poor quality of sleep in patients 
aged ≥55 years [62]. However, evidence-based data to support 
clinical recommendations regarding quality, effective doses, 
acceptability, duration, and safety of long-term treatment in 
these children have until recently been lacking [63]. In line 
with consensus recommendations that clinicians should offer 
melatonin if behavioral strategies have not been helpful [63], 
the development and regulatory approval of the pediatric- 
appropriate prolonged-release melatonin mini-tablets 
(PedPRM)for this indication (currently approved by EMA (27 
EU states), SwissMedic (Switzerland), TGA (Australia), MOH 
(Israel), MHRA (UK)) represents in-label use that provides the 
proof of quality, efficacy, dosing, and safety including long- 
term safety and acceptance needed for regulatory drug 
approval.

1.3. Introduction to the compound: melatonin

Melatonin, the signal of darkness in the organism, plays 
a major role in the circadian regulation of sleep, thermo
regulation and blood pressure [54,64]. Exogenous melato
nin, administered at appropriate circadian times (mainly 
during the diurnal phase) simulates nocturnal circadian 
physiology (i.e., reduced body temperature and blood 
pressure during the night, reduced arousal, increased 
heat loss, fatigue, sleepiness) and acts as a chronobiotic 
(e.g., in jet lag, delayed sleep phase syndrome or non-24- 
hours sleep wake cycle in the totally blind), to phase shift 
or synchronize the free running circadian sleep/wake 
rhythm to the 24 h day/night cycle [65,66]. In insomnia 
patients, melatonin may facilitate sleep onset and improve 
the restorative value of sleep [62].

Melatonin undergoes first-pass hepatic metabolism. It is 
hydroxylated by cytochrome CYP1A2 with wide variance in 
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CYP1A2 activity between individuals [67] and over 80% is 
excreted in the urine as 6-sulfatoxymelatonin. Melatonin is 
rapidly absorbed following oral administration with peak 
plasma levels occurring after about 40–60 minutes that persist 
for up to 1.5 hours (depending on dose) before declining 
[68,69]. Due to the short half-life (40–50 minutes) [68] main
taining effective bodily concentrations of melatonin through
out the night requires either high doses (with concomitant risk 
of circadian phase shifts and receptor desensitization) or 
a prolonged-release formulation. Prolonged-release melatonin 
received an ATC code N05CH01-‘melatonin receptors ago
nists’- within the subgroup N05C that designates Hypnotics 
and Sedatives and is distinct from traditional hypnotics, which 
target GABAA receptors.

2. PedPRM for the treatment of insomnia in children 
and adolescents with ASD

2.1. Composition, pharmacokinetics and metabolism

Immediate-release melatonin formulations result in supra
physiologic serum melatonin concentrations that decline 
rapidly afterward; this profile may enhance sleep onset but 
not duration. PedPRM (Slenyto® Neurim Pharmaceuticals 
Ltd.) is a matrix mini-tablet comprising an insoluble poly
mer and water soluble lactose which gradually dissolves 
and forms micro-tunnels to prolong and control the 
release of melatonin. The release in the gut over an 
extended period of time after oral intake circumvents the 
fast clearance of the hormone [62,70] to achieve 
a therapeutically effective concentration of melatonin in 
the systemic circulation through the night, for better con
trol of sleep maintenance and duration. Matrix tablets 
must be swallowed whole and lose their prolonged release 
properties when crushed [71]. Children with ASD are 
a notoriously challenging population to medicate [72] 
due to sensory hypersensitivity [72] resulting in restrictive 
eating and drinking patterns and they often struggle to 
swallow tablets. This led to the development of 
a miniature 3 mm diameter mini-tablet (Ped-PRM) contain
ing 1 mg (purple) or 5 mg (orange) melatonin, which can 

be easily swallowed by young children [73]. The tablets are 
film-coated to ensure they are odorless and taste-free, and 
can be put into food such as yogurt, orange juice or ice- 
cream to facilitate swallowing and improve compliance 
[74]. PedPRM is available as a prescription medicine indi
cated for the treatment of insomnia in children and ado
lescents with ASD or SMS where sleep hygiene measures 
have been insufficient. It is taken once daily 0.5–1 hour 
before bedtime with or after food [74].

Following administration of PedPRM mini-tablet, mela
tonin concentrations in plasma reach sleep- inducing 
levels (30–60 pg/ml) [75] within 30 minutes, peak within 
3 hours and supra-physiological levels persist for an addi
tional 3.5–5 hours thus covering the nocturnal period 
(Figure 1). Under fasting conditions melatonin levels in 
plasma peak earlier (within 2 hours), Cmax is ~50% lower 
(1.73 ng/ml), and supraphysiological levels persist for 
longer periods with a minor effect on AUC-∞ (−14%) as 
compared to fed-state. The particular pharmacokinetic pro
file of PedPRM may be of major importance for the ability 
to improve sleep onset, consolidation and duration in 
children and adolescents with ASD [76–79].

2.2. Effects on the child’s sleep

The short- and long-term efficacy of PedPRM for insomnia in 
children with ASD were investigated in a randomized, 13- 
week, placebo controlled trial followed by a long-term (up to 
2 years) open-label treatment phase and 2 weeks withdrawal 
on placebo [76–79].

The children in the study had the typical sleep disturbances 
for this population with difficulties in sleep continuity 
(LSE≤6 hours) and/or initiation (sleep onset latency (SOL) ≥ 
30 minutes).

In line with published studies [26], the vast majority of 
participants fell below the recommended TST for their age 
before treatment initiation with no association between age 
and the sleep disturbances [80]. The main effects of PedPRM 
treatment compared to placebo in children and adolescents 
with ASD were significant improvements in sleep duration 
(TST) and continuity (LSE) and onset latency (SOL) without 

Figure 1. Mean concentration-time profiles of melatonin in plasma following administration of 1 and 5 mg doses of PedPRM mini-tablets (after EMA [70]).
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causing early awakenings. The effect developed rapidly and 
was maintained in the long-term follow-up [76–79] 
(Figure 2)[80].

2.2.1. Sleep duration (TST)
Following 3 months treatment, participants slept on average 
57 minutes longer at night with PedPRM compared to 9 min
utes with placebo [76] (Figure 2). At optimal dose of PedPRM 
(at 52 weeks) participants slept on average 62 minutes longer 
at night, compared to baseline [78]. Comorbid ADHD (28.8%) 
did not affect response, regardless of stimulant use [76,79].

There were no differences at baseline in TST by age dis
tribution between the PedPRM and placebo groups (Figure 3). 
Following 3 months treatment with PedPRM, the number of 
children with TST within the recommended sleep duration for 
their age more than doubled (from 19.2 to 42.3% of partici
pants) and the number of those with inappropriate low TST 
values for their age decreased significantly (from 36.5 to 13.4% 

of participants). There were no such changes (and even 
a slight deterioration) with placebo treatment (Figure 3). 
PedPRM treatment effect on TST was similar across the age 
groups and maintained throughout the long-term observation 
period [76,78]. No children were reported to have excess sleep 
above recommendations for his/her age following treatment.

2.2.2. Sleep onset latency (SOL) and early awakening–
SOL, another major difficulty in ASD [12,13,60,76] also 
improved significantly with PedPRM 2/5 mg compared to 
placebo treatment (39.6 vs 12.5 minutes, respectively; 
Figure 2)[76]. The effect developed rapidly and was main
tained at long-term follow-up. At optimal dose of PedPRM 
(at 52 weeks) participants fell asleep on average 49 minutes 
faster compared to baseline [78]. The effect-size of PedPRM on 
SOL was similar to or greater than that reported with immedi
ate-release melatonin preparations in children and adoles
cents with neurodevelopmental disorders [23,60]. Of note, 

Figure 2. Improvement from baseline in mean total sleep time (TST), continuous sleep (LSE) and sleep onset latency (SOL) after 3 and 13 weeks with PedPRM vs 
placebo and 52 weeks open label follow-up in children and adolescents with ASD.

Figure 3. Number of children who attained total sleep time (TST) within the recommended, acceptable and inappropriate sleep duration for their age at baseline 
and after 13 weeks treatment with PedPRM (upper panel) or placebo (lower panel).
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the undesired earlier awakening that may occur with immedi
ate release melatonin [60] did not occur with PedPRM treat
ment [76,78].

2.2.3. Continuous sleep (longest sleep episode ; LSE)
LSE also improved significantly with PedPRM compared to 
placebo (Figure 2). The effect developed rapidly and was 
maintained at long-term follow-up. At optimal dose of 
PedPRM (52 weeks) participants’ LSE was on average 89 min
utes longer than before treatment [76,78] equivalent to the 
addition of one or two complete sleep cycles in young chil
dren [81,82].

2.3. Child daytime behavior

Externalizing (i.e., aggressive, hyperactive, noncompliant, and 
under-controlled) behaviors, specifically hyperactivity and 
aggression, are reportedly exacerbated in children with ASD 
with difficulties in initiating and maintaining sleep 
[24,25,31,34,83]. PedPRM treatment (13 weeks) resulted in 
a significant improvement in externalizing behavior (as mea
sured by the Strengths and Difficulties questionnaire; SDQ) 
compared to placebo (Figure 4) with 53.7% of PedPRM- 
treated participants displaying a significant and clinically- 
relevant improvement in externalizing behavior versus 27.6% 
of placebo-treated participants [79,84]. Improvements of the 
total cohort in internalizing behaviors, SDQ total score and 
subscales with PedPRM were not significant compared to 
placebo. However, in the subpopulation with abnormal- 
hyperactivity score (77% of the study cohort) PedPRM treat
ment resulted in significant improvements in the total SDQ 
score and hyperactivity score compared to placebo [79]. In 
subpopulations with abnormal baseline scores in the specific 
behavioral attributes (hyperactivity/inattention, conduct, peer 
relationship, emotional or total difficulties) PedPRM resulted in 
significant improvements in the respective behavioral score. In 
contrast, placebo treatment did not have significant effects on 
hyperactivity/inattention, conduct or peer relationship in the 
respective subpopulations [79] (Figure 4).

The change in total SDQ score correlated with the change 
in TST and specifically with LSE but not SOL [79]. This could 
explain why immediate-release melatonin treatment, which 
mostly affects SOL, does not cause significant changes in 
behavior compared to placebo [60] emphasizing the impor
tance of treating sleep duration and maintenance problems in 
the young children [32,79,83].

2.4. Parental well-being

Compared to placebo, the beneficial effects of PedPRM treatment 
on the child’s sleep were associated with significant improve
ments in parents’ well-being (World Health Organization (WHO)-5 
[85]) and satisfaction with their child’s sleep patterns (Composite 
Sleep Disturbance Index (CSDI) that persisted throughout the 
2 year follow-up [77]. There was a highly significant correlation 
between the improvement in caregiver’s quality of life (WHO-5) 
from baseline and the improvement (decrease) in child’s total 
SDQ score [79]. These findings suggest that the improvement in 
parents’ well-being is mediated by a noticeable improvement in 
children’s daytime behavior and further support the clinical ben
efits of improved sleep duration and continuity.

2.5. Safety, tolerability, growth, and pubertal 
development

Somnolence and headaches were twice as common in 
PedPRM treated children compared to placebo [76]. Fatigue, 
agitation, cough, and dyspnea were less common but more 
frequently reported in the PedPRM-treated group, whereas 
mood swings and nightmares were more commonly reported 
in placebo-treated children [76]. In the long-term (2 years) 
follow-up period the most frequent treatment-related adverse 
events associated with once daily PedPRM doses (2–10 mg p. 
o.) intake were fatigue (6.3%), somnolence (6.3%), and mood 
swings (4.2%) with no evidence of effect on height, BMI or 
pubertal development [77]. There were no withdrawal effects 
following long-term use and no safety concerns on concomi
tant therapy with stimulants [77].

Figure 4. Effects of 13 weeks PedPRM and placebo treatment on externalizing (All-exter) and internalizing (All-inter) behaviors (SDQ) and on respective behavior 
scores in subpopulations of subjects with abnormal Hyperactivity/inattention (Hyper), conduct, peer relationship (Peer) and emotional behavior scores at baseline. 
The blue and black asterisks denote * p < 0.05 compared to placebo and baseline, respectively.
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2.6. Dose compliance and acceptance by patients and 
caregivers

The pharmacokinetic and pharmacodynamic profiles of 
PedPRM were similar across the age groups and doses and 
were not predicted by age, weight, or puberty [70]. The 
PedPRM Summary of Product Characteristics (SmPC) recom
mends an initial dose of 2 mg, which may be increased to 
5 mg in case of an inadequate response to a maximal dose of 
10 mg/day [74]. Escalating the daily dose from 2 mg to 5 mg 
or from 5 mg to 10 mg significantly improved response to 
treatment in the group of patients that were not adequately 
responding to the lower doses. Among those escalated to the 
10 mg dose 43.3% slept on average 119 minutes longer at 
night and fell asleep on average 49 minutes faster compared 
to baseline, similar to those who responded adequately to the 
2-mg or 5-mg PedpRM doses. The response to melatonin is 
seen quite rapidly (within 1 week) [49,60,76] allowing rapid 
evaluation of treatment success and dose optimization if such 
is needed.

In contrast to the usual difficulties with tablet and liquid 
formulations experienced by children with ASD, acceptability 
and compliance with PedPRM were excellent, without the 
need to crush or dissolve the mini-tablets (thus preserving 
the prolonged-release properties). Treatment compliance cal
culated by returned mini-tablets after 104 weeks of double- 

blind treatment was almost 100% throughout the study 
[76,77].

3. Expert opinion

PedPRM is the first pharmacotherapy developed and 
approved by health regulatory agencies. and is indicated for 
the treatment of insomnia in children and adolescents aged 2– 
18 with ASD and/or SMS, where sleep hygiene measures have 
been insufficient [74]. Efficacy was demonstrated over placebo 
in several sleep aspects [76–78]: (1) increased total sleep time, 
(2) reduced sleep latency, (3) improved sleep continuity (LSE), 
(4) there was no undesired advance of the sleep-wake cycle 
phase, (5) long-term efficacy and safety demonstrated [78]. 
The beneficial effects of PedPRM on sleep continuity and 
lack of undesired sleep-wake cycle phase advance (which 
occurs with the immediate release formulations), are ascribed 
to the prolonged-release formulation. PedPRM also had favor
able effects on daytime externalizing behavior, in particular 
hyperactivity and inattention in the children, and on parental 
well-being [79].

Patients’ compliance and acceptance of PedPRM was very 
good supporting the use of the age appropriate mini-tablets 
in this population, allowing a full benefit of the correct dose 
and prolonged- release properties. No major safety issues 
were observed even after 24 months [76–78].

Figure 5. PedPRM Insomnia treatment algorithm.
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Because the pharmacokinetic and pharmacodynamic pro
files of PedPRM are not predicted by age, body weight or 
puberty, the preferred dosing strategy for PedPRM is 
a personalized titration to optimal dose. Once a decision has 
been taken to use pharmacological therapy, a simple algo
rithm for PedPRM dose optimization is presented in Figure 5.

The recommended starting dose for children who fail sleep 
hygiene/ behavioral intervention is 2 mg per day, with 
optional increase to 5 mg/day and then 10 mg/day. Dose 
escalation can take place every 2–3 weeks and is driven by 
the need to attain treatment success in one or more of the 
following (depending on the individual symptoms and sever
ity): (A) TST within the recommended range [80] for the sub
ject age (i.e. 10–13 h for age 3–5 years, 9–11 hours for 6– 
13 years and 8–10 hours for teenagers 14–17 years); (B) SOL 
<30 minutes; (C) LSE>6 hours. It should be noted that the 
recommended age-dependent TST range can vary due to 
genetically driven factors, e.g., inherited sleep homeostatic 
need leading to decreased sleep need. In addition, child beha
vior, parent satisfaction of child’s sleep and safety should be 
considered in the decision to escalate or to continue the dose. 
If treatment success criteria are not achieved, despite 
a maximal dose of 10 mg, parents’ or subject’s (if applicable) 
satisfaction should be considered before stopping treatment.

For children who are using other medication to treat 
insomnia, e.g., antihistamines, alpha adrenergic agonists (clo
nidine), anti-psychotics etc., it is advised to taper them off 
according to their respective labeling before starting 
PedPRM. In case, such drugs are used for an indication other 
than sleep disturbance they can be maintained without major 
drug interaction problems. Immediate release melatonin may 
be stopped just prior to starting PedPRM.

If treatment effects are reduced, daytime behavior deterio
rate or adverse events related to the drug (e.g. daytime som
nolence) appear after dose escalation, the prescriber should 
first consider a down-titration to a lower dose before deciding 
on a complete discontinuation of treatment. Gradual loss of 
effect of melatonin after initial positive effect may occur in 
subjects with slow CYP1A2 metabolism, resulting in exces
sively high melatonin levels [86]. In such cases, efficacy could 
be reinstated by tapering down the dose [86].

As PedPRM is a newly approved drug, its effectiveness in 
the ’real world’ remains to be demonstrated. Intervention 
studies can be placed on a continuum, with a progression 
from efficacy trials (i.e., the performance of an intervention 
under ideal and controlled circumstances), to effectiveness 
trials (i.e. the drug performance under ‘real-world’ conditions). 
However, the distinction between the two types of trial is 
a continuum rather than a dichotomy ([87,88]. The clinical 
trials of PedPRM progressed from an efficacy trial (double 
blind placebo controlled 3 months phase), into an effective
ness phase (21 months open label phase) where clinicians had 
an opportunity to increase the dose further, reduce or main
tain the dose and parents could leave at any time. Although 
this was done under well controlled conditions, it is important 
to note that parents were not shy of dropping out if they felt 
the treatment did not help, as pointed out in Gringras et al 
2017 [76]: “Dropout rates were significantly higher in the 
placebo than in the PedPRM group (21 participants, 32.3% 

compared to 9 participants, 15.0% Chi-Square p = .040), and 
there were not many dropouts during the long term effective
ness period [77].

In summary, considering the recommendations that clini
cians should offer melatonin if behavioral strategies have not 
been helpful [63] the long-term effectiveness, quality, benign 
safety profile, and favorable compliance place PedPRM as the 
appropriate first-line in-label pharmacological treatment for 
insomnia in children with ASD; in addition to improving 
sleep, child behavior and parental and caregiver well-being, 
PedPRM given early on may also prevent long-term conse
quences of insomnia in the developing child.

Funding

All authors received personal fees and non-financial support from Neurim 
Pharmaceuticals SARL for a videoconference consensus meeting and cov
erage of the journal’s submission fees related to the paper under con
sideration for publication.

Declaration of interest
C Schroder has served in an advisory or consultancy role for Neurim 
pharmaceuticals related to the work under consideration for publication 
and reports personal fees and non-financial support from Biocodex for 
expert group and lectures, travel to meetings and personal fees from 
Takeda for lecture outside the submitted work. T Banaschewski has 
served in an advisory or consultancy role for ADHS digital, 
Infectopharm, Lundbeck, Medice, Oberberg GmbH, Neurim 
Pharmaceuticals, Roche, and Takeda. They received conference support 
or speaker’s fee by Medice and Takeda. Received royalities from 
Hogrefe, Kohlhammer, CIP Medien, Oxford University Press; the present 
work is unrelated to these relationships. J Fuentes has received research 
support from Policlinica Gipuzkoa Foundation (PGF), Servier, and AIMS-2 
Trials (Project ID 777,394). They have received partial support for profes
sional meetings attendance from PGF, ESCAP & AACAP. MB Posserud 
meanwhile reports Scientific Advisory Board meeting reimbursement 
from Takeda paid to their institution, outside the submitted work. 
Finally, O Bruni has served in an advisory or consultancy role for 
Neurim pharmaceuticals related to this work. The authors have no 
other relevant affiliations or financial involvement with any organization 
or entity with a financial interest in or financial conflict with the subject 
matter or materials discussed in the manuscript apart from those 
disclosed.

Reviewer Disclosures

Peer reviewers on this manuscript have no relevant financial or other 
relationships to disclose.

References

Papers of special note have been highlighted as either of interest (•) or of 
considerable interest (••) to readers.

1. Association AP. Autism spectrum disorder. 299.00 (F84.0); Insomnia 
disorder 780.52 (G47.00). Arlington: VA American Psychiatric 
Publishing; 2013.

2. CDC, Prevention CfDCa: Autism and developmental disabilities 
monitoring (ADDM) network data & statistics on autism spectrum 
disorder. [cited 2021 Aug 3]. Available from: https://www.cdc.gov/ 
ncbddd/autism/data.html

3. Hyman SL, Levy SE, Myers SM. Council on children with disabilities 
sodb, pediatrics: identification, evaluation, and management of 
children with autism spectrum disorder. Pediatrics. 2020;145(1): 
e20193447.

EXPERT OPINION ON PHARMACOTHERAPY 2451

https://www.cdc.gov/ncbddd/autism/data.html
https://www.cdc.gov/ncbddd/autism/data.html


4. Masi A, DeMayo MM, Glozier N, et al. An overview of autism 
spectrum disorder, heterogeneity and treatment options. 
Neurosci Bull. 2017;33(2):183–193.

5. Combs D, Goodwin JL, Quan SF, et al. Insomnia, health-related 
quality of life and health outcomes in children: a seven year long
itudinal cohort. Sci Rep. 2016;6(1):27921.

6. Mindell JA, Kuhn B, Lewin DS, et al. American academy of sleep M: 
behavioral treatment of bedtime problems and night wakings in 
infants and young children. Sleep. 2006;29(10):1263–1276.

7. Lai MC, Kassee C, Besney R, et al. Ameis SH: prevalence of 
co-occurring mental health diagnoses in the autism population: 
a systematic review and meta-analysis. Lancet Psychiatry. 2019;6 
(10):819–829.

•• Insomnia is a major co-occurring condition in ASD
8. Elrod MG. Hood BS: sleep differences among children with autism 

spectrum disorders and typically developing peers: a meta-analysis. 
J Dev Behav Pediatr. 2015;36(3):166–177.

9. Kotagal S, Broomall E. Sleep in children with autism spectrum 
disorder. Pediatr Neurol. 2012;47(4):242–251.

10. Shelton AR, Malow B: Neurodevelopmental disorders commonly 
presenting with sleep disturbances. Neurotherapeutics 2021.

11. Williams SR, Zies D, Mullegama SV, et al. Smith-Magenis syndrome 
results in disruption of CLOCK gene transcription and reveals an 
integral role for RAI1 in the maintenance of circadian rhythmicity. 
Am J Hum Genet. 2012;90(6):941–949.

12. Krakowiak P, Goodlin-Jones B, Hertz-Picciotto I, et al. Sleep pro
blems in children with autism spectrum disorders, developmental 
delays, and typical development: a population-based study. J Sleep 
Res. 2008;17(2):197–206.

13. Taira M, Takase M, Sasaki H. Sleep disorder in children with autism. 
Psychiatry Clin Neurosci. 1998;52(2):182–183.

14. Humphreys JS, Gringras P, Blair PS, et al. Sleep patterns in children 
with autistic spectrum disorders: a prospective cohort study. Arch 
Dis Child. 2014;99(2):114–118.

15. Hvolby A, Christensen J, Gasse C, et al. Cumulative incidence and 
relative risk of sleep problems among children and adolescents 
with newly diagnosed neurodevelopmental disorders: 
a nationwide register-based study. J Sleep Res. 2021 Jun;30(3): 
e13122.

16. Nguyen AKD, Murphy LE, Kocak M, et al. Prospective associations 
between infant sleep at 12 months and autism spectrum disorder 
screening scores at 24 months in a community-based birth cohort. 
J Clin Psychiatry. 2018;79(1):16m11127.

17. Dahl RE. The impact of inadequate sleep on children’s daytime 
cognitive function. Semin Pediatr Neurol. 1996;3(1):44–50.

18. Dahl RE. Sleep and the developing brain. Sleep. 2007;30 
(9):1079–1080.

19. Gordon N. The therapeutics of melatonin : a paediatric perspective. 
Brain Dev. 2000;22(4):213–217.

20. Reid G, Hong R, Wade T. The relation between common sleep 
problems and emotional and behavioral problems among 2- and 
3-year-olds in the context of known risk factors for 
psychopathology. J Sleep Res. 2009;18(1):49–59.

21. Touchette E, Petit D, Seguin J, et al. Associations between sleep 
duration patterns and behavioral/cognitive functioning at school 
entry. Sleep. 2007;30(9):1213–1219.

22. Minde K, Faucon A, Falkner S. Sleep problems in toddlers: effects of 
treatment on their daytime behavior. J Am Acad Child Adolesc 
Psychiatry. 1994;33(8):1114–1121.

23. Rossignol DA, Frye RE. Melatonin in autism spectrum disorders: 
a systematic review and meta-analysis. Dev Med Child Neurol. 
2011;53(9):783–792.

• meta anysis of published studies on melatonin in ASD
24. Goldman SEM, Johnson S, Richdale KP, et al. Sleep is associated 

with problem behaviors in children and adolescents with autism 
spectrum disorders. Res Autism Spectr Disord. 2011;5 
(3):1223–1229.

25. Henderson JA, Barry TD, Bader SH,SSJ. The relation among sleep, 
routines, and externalizing behavior in children with an autism 
spectrum disorder. Res Autism Spectr Disord. 2011;5(2):758–767.

26. Johnson CR, Smith T, DeMand A, et al. Exploring sleep quality of 
young children with autism spectrum disorder and disruptive 
behaviors. Sleep Med. 2018;44:61–66.

27. Cohen S, Fulcher BD, Rajaratnam SMW, et al. Sleep patterns pre
dictive of daytime challenging behavior in individuals with 
low-functioning autism. Autism Res. 2018;11(2):391–403.

28. Meltzer LJ, Mindell JA. Sleep and sleep disorders in children and 
adolescents. Psychiatr Clin North Am. 2006;29(4):1059–1076. 
abstract x

29. Delahaye J, Sd KE, Hall TA, et al. The relationship between 
health-related quality of life and sleep problems in children with 
autism spectrum disorders. Res Autism Spectrum Disord. 2014;8 
(3):292–303.

30. Anders TF, Halpern LF, Hua J. Sleeping through the night: 
a developmental perspective. Pediatrics. 1992;90(4):554–560.

31. Touchette E, Petit D, Paquet J, et al. Factors associated with frag
mented sleep at night across early childhood. Arch Pediatr Adolesc 
Med. 2005;159(3):242–249.

32. Yavuz-Kodat E, Reynaud E, Geoffray MM, et al. Disturbances of 
continuous sleep and circadian rhythms account for behavioral 
difficulties in children with autism spectrum disorder. J Clin Med. 
2020;9(6):1978.

• Importance of the longest sleep episode
33. Allik H, Larsson JO, Smedje H. Health-related quality of life in 

parents of school-age children with asperger syndrome or 
high-functioning autism. Health Qual Life Outcomes. 2006;4(1):1.

34. Bennett A, Marvin AR, Coury D, et al. Behavioral concerns asso
ciated with sleep disturbance severity in children with ASD 
[Abstract31831]. Int Soc Autism Res(INSAR). 2019. https://insarcon 
fexcom/insar/2019/webprogram/starthtml.Canada

35. Bennett A, Marvin AR, Coury D, et al. Sensitivity to sounds and 
touch and sleep concerns in children with ASD [Abstract 30361]. 
Int Soc Autism Res(INSAR). 2019. https://insarconfexcom/insar/ 
2019/webprogram/starthtmlCanada

36. Doo SWY. Sleep problems of children with pervasive developmen
tal disorders: correlation with parental stress. Dev Med Child 
Neurol. 2006;48(8):650–655.

37. Honomichl R, Goodlin-Jones B, Burnham M, et al. Sleep patterns of 
children with pervasive developmental disorders. J Autism Dev 
Disord. 2002;32(6):553–561.

38. Coury D, Marvin AR, Malow BA, et al. Association of child and 
adolescent sleep problems with child and parental health 
[Abstract30496]. Int Soc Autism Res (INSAR). 2019. https://insarcon 
fexcom/insar/2019/webprogram/starthtml.Canada

39. Devnani PA, Hegde AU. Autism and sleep disorders. J Pediatr 
Neurosci. 2015;10(4):304–307.

40. Malow BA, Marvin AR, Coury D, et al. Sleep Problems in children 
with ASD: effects on parental employment [Abstract 29932]. Int Soc 
Autism Res (INSAR). 2019. https://insarconfexcom/insar/2019/web 
program/starthtmlCanada

41. May T, Cornish K, Conduit R, et al. Sleep in high-functioning 
children with autism: longitudinal developmental change and 
associations with behavior problems. Behav Sleep Med. 2015;13 
(1):2–18.

42. Robinson A, Richdale A. Sleep problems in children with an intel
lectual disability: parental perceptions of sleep problems, and 
views of treatment effectiveness. Child Care Health Dev. 2004;30 
(2):139–150.

43. Williams GP, Lonnie LS, Annamary A. Sleep problems in children 
with autism. J Sleep Res. 2004;13(3):265–268.

44. Pisula E, Porebowicz-Dorsmann A. Family functioning, parenting 
stress and quality of life in mothers and fathers of polish children 
with high functioning autism or asperger syndrome. PLoS One. 
2017;12(10):e0186536.

2452 C. SCHRODER ET AL.

https://insarconfexcom/insar/2019/webprogram/starthtml.Canada
https://insarconfexcom/insar/2019/webprogram/starthtml.Canada
https://insarconfexcom/insar/2019/webprogram/starthtmlCanada
https://insarconfexcom/insar/2019/webprogram/starthtmlCanada
https://insarconfexcom/insar/2019/webprogram/starthtml.Canada
https://insarconfexcom/insar/2019/webprogram/starthtml.Canada
https://insarconfexcom/insar/2019/webprogram/starthtmlCanada
https://insarconfexcom/insar/2019/webprogram/starthtmlCanada


45. Polimeni M, Richdale A, Francis A. The impact of children’s 
sleep problems on the family and behavioural processes 
related to their development and maintenance. E-J Appl 
Psychol. 2007;3(1):76–85.

46. Wiggs L, Stores G. Behavioural treatment for sleep problems in 
children with severe intellectual disabilities and daytime challen
ging behaviour: effect on mothers and fathers. Br J Health Psychol. 
2001;6(3):257–269.

47. McConachie H, Livingstone N, Morris C, et al. Parents suggest which 
indicators of progress and outcomes should be measured in young 
children with autism spectrum disorder, (with the Appendix 1). 
J Autism Dev Disord. 2018;48(4):1041–1051.

48. McConachie H, Mason D, Parr J, et al. Enhancing the validity of 
a quality of life measure for autistic people. J Autism Dev Disord. 
2018;48(5):1596–1611.

49. Malow BA, Byars K, Johnson K, et al.; Sleep Committee of the 
Autism Treatment N. A practice pathway for the identification, 
evaluation, and management of insomnia in children and adoles
cents with autism spectrum disorders. Pediatrics. 2012;130(Suppl 
2):S106–124.

•• An important practice pathway for the treatment of insomnia in 
ASD.

50. Carnett A, Hansen S, McLay L, et al. Quantitative-analysis of beha
vioral interventions to treat sleep problems in children with autism. 
Dev Neurorehabil. 2020;23(5):271–284.

51. JE H, LK M, Kg F, et al. Systematic review of the collateral effects of 
behavioral sleep interventions in children and adolescents with 
autism spectrum disorder. Res Autism Spectrum Disord. 
2020;79:101677.

52. Hollway J, Aman M. Pharmacological treatment of sleep distur
bance in developmental disabilities: a review of the literature. Res 
Dev Disabil. 2011;32(3):939–962.

53. Owens JA, Mindell JA. Pediatric sleep medicine: priorities for 
research, patient care, policy and education. J Clin Sleep Med. 
2006;2(1):77–88.

54. Masters A, Pandi-Perumal SR, Seixas A, et al. Melatonin, the hor
mone of darkness: from sleep promotion to ebola treatment. Brain 
Disord Ther. 2014;4:1.

55. De Leersnyder H. Inverted rhythm of melatonin secretion in 
Smith-Magenis syndrome: from symptoms to treatment. Trends 
Endocrinol Metab. 2006;17(7):291–298.

56. Tordjman SAG, Pichard N, Charbuy H, et al. Nocturnal excretion of 
6-sulphatoxymelatonin in children and adolescents with autistic 
disorder. Biol Psychiatry. 2005;57(2):134–138.

57. Veatch OJ, Pendergast JS, Allen MJ, et al. Genetic variation in 
melatonin pathway enzymes in children with autism spectrum 
disorder and comorbid sleep onset delay. J Autism Dev Disord. 
2015;45(1):100–110.

58. Benabou M, Rolland T, Leblond CS, et al. Heritability of the mela
tonin synthesis variability in autism spectrum disorders. Sci Rep. 
2017;7(1):17746. .

59. Cuomo BM, Vaz S LEAL, Thompson C, et al. Effectiveness of 
sleep-based interventions for children with autism spectrum dis
order: a meta-synthesis. Pharmacotherapy. 2017;37(5):555–578.

•• An important analysis of current drugs for insomnia in ASD
60. Gringras P, Gamble C, Jones AP, et al., Melatonin for sleep problems in 

children with neurodevelopmental disorders: randomised double 
masked placebo controlled trial. BMJ. 2012;345(nov05 1): e6664.

• well controlled study of immediate release melatonin in ASD.
61. Cortesi F, Giannotti F, Sebastiani T, et al. Controlled-release mela

tonin, singly and combined with cognitive behavioural therapy, for 
persistent insomnia in children with autism spectrum disorders: 
a randomized placebo-controlled trial. J Sleep Res. 2012;21 
(6):700–709.

62. Assessment Report Circadin. [cited 2021 Aug 3]. Available from: 
https://www.ema.europa.eu/en/documents/scientific-discussion/cir 
cadin-epar-scientific-discussion_en.pdf

63. Buckley AW, Hirtz D, Oskoui M, et al., Practice guideline: treatment 
for insomnia and disrupted sleep behavior in children and adoles
cents with autism spectrum disorder: report of the guideline 

development, dissemination, and implementation subcommittee 
of the american academy of neurology. Neurology. 2020;94(9): 
392–404.

•• Recent recommendations for treatment of sleep disorders in 
ASD.

64. Lalanne S, Fougerou-Leurent C, Anderson GM, et al. Melatonin: 
from pharmacokinetics to clinical use in autism spectrum 
disorder. Int J Mol Sci. 2021;22(3):3. .

65. Zisapel N. New perspectives on the role of melatonin in human 
sleep, circadian rhythms and their regulation. Br J Pharmacol. 
2018;175(16):3190–3199.

• For additional reading on melatonin and its therapeutic potential
66. Agostoni C, Bresson J-L, Fairweather-Tait S. et al. Scientific 

Opinion on the substantiation of health claims related to mel
atonin and alleviation of subjective feelings of jet lag (ID 1953), 
and reduction of sleep onset latency, and improvement of 
sleep quality (ID 1953) pursuant to Article 13 (1)of Regulation 
(EC) No 1924/2006. European Food Suppl Authority (EFSA) J. 
2010;8(2):1467–1477.

67. Gunes A, Dahl ML. Variation in CYP1A2 activity and its clinical 
implications: influence of environmental factors and genetic 
polymorphisms. Pharmacogenomics. 2008;9(5):625–637.

68. Waldhauser F, Waldhauser M, Lieberman H, et al. Bioavailability of 
oral melatonin in humans.;. Neuroendocrinology. 1984;39 
(4):307–313.

69. Andersen LP, Werner MU, Rosenkilde MM, et al. Pharmacokinetics 
of oral and intravenous melatonin in healthy volunteers. BMC 
Pharmacol Toxicol. 2016;17(1):8.

70. Assessment Report Slenyto. [cited 2021 Aug 3]. Available from: 
https://www.ema.europa.eu/en/documents/assessment-report/sle 
nyto-epar-public-assessment-report_en.pdf

71. Chua HM, Hauet Richer N, Swedrowska M, et al. Dissolution of 
intact, divided and crushed circadin tablets: prolonged vs. immedi
ate release of melatonin. Pharmaceutics. 2016;8:1.

72. Leekam SR, Nieto C, Libby SJ, Wing L, Gould J. Describing the 
sensory abnormalities of children and adults with autism. 
J Autism Dev Disord. 2007;37(5):894–910.

73. Thomson SA, Tuleu C, Wong IC, et al. Minitablets: new modality to 
deliver medicines to preschool-aged children. Pediatrics. 2009;123 
(2):e235–238.

74. Summary of Product Characteristics Slenyto. [cited 2021 Aug 3]. 
Available from: https://www.ema.europa.eu/en/documents/pro 
duct-information/slenyto-epar-product-information_en.pdf]

75. Dollins AB, Zhdanova IV, Wurtman RJ, et al. Effect of inducing 
nocturnal serum melatonin concentrations in daytime on sleep, 
mood, body temperature, and performance. Proc Natl Acad Sci 
U S A. 1994;91(5):1824–1828.

76. Gringras P, Nir T, Breddy J, et al. Efficacy and safety of pediatric 
prolonged-release melatonin for insomnia in children with autism 
spectrum disorder. J Am Acad Child Adolesc Psychiatry. 2017;56 
(11):948–957 e944.

• PedPRM pivotal study results
77. Malow BA, Findling RL, Schroder CM, et al. Sleep, growth, and puberty 

after 2 years of prolonged-release melatonin in children with autism 
spectrum disorder. J Am Acad Child Adolesc Psychiatry. 2021 Feb;60 
(2):252-261.e3.

• PedPRM long term study results
78. Maras A, Schroder CM, Malow BA, et al. Safety of pediatric 

prolonged-release melatonin for insomnia in children with autism 
spectrum disorder. J Child Adolesc Psychopharmacol. 2018;28 
(10):699–710.

• Long term PedPRM efficacy results
79. Schroder CM, Malow BA, Maras A, et al. Pediatric prolonged-release 

melatonin for sleep in children with autism spectrum disorder: 
impact on child behavior and caregiver’s quality of life. J Autism 
Dev Disord. 2019;49(8):3218–3230.

• PedPRM treatment behavioral effects
80. Hirshkowitz M, Whiton K, Albert SM, et al., National sleep founda

tion’s updated sleep duration recommendations: final report. Sleep 
Health. 2015;1(4): 233–243..

EXPERT OPINION ON PHARMACOTHERAPY 2453

https://www.ema.europa.eu/en/documents/scientific-discussion/circadin-epar-scientific-discussion_en.pdf
https://www.ema.europa.eu/en/documents/scientific-discussion/circadin-epar-scientific-discussion_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/slenyto-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/assessment-report/slenyto-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/documents/product-information/slenyto-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/slenyto-epar-product-information_en.pdf


• Total sleep time recommendation by age.
81. Davis KF, Parker KP, Montgomery GL. Sleep in infants and young 

children: part one: normal sleep. J Pediatr Health Care. 2004;18(2):65–71.
82. Montgomery-Downs HE, O’Brien LM, Gulliver TE, et al. 

Polysomnographic characteristics in normal preschool and early 
school-aged children. Pediatrics. 2006;117(3):741–753.

83. Stormark KM, Fosse HE, Pallesen S, et al. The association between 
sleep problems and academic performance in primary school-aged 
children: findings from a Norwegian longitudinal population-based 
study. PLoS One. 2019;14(11):e0224139.

84. Goodman AGR. Strengths and difficulties questionnaire as 
a dimensional measure of child mental health. J Am Acad Child 
Adolesc Psychiatry. 2009;48(4):400–403.

85. Bech P, Olsen LR, Kjoller M, et al. Measuring well-being rather 
than the absence of distress symptoms: a comparison of the 
SF-36 mental health subscale and the WHO-five well-being 
scale. Int J Methods Psychiatr Res. 2003;12(2):85–91.

86. Braam W, van Geijlswijk I, Keijzer H, et al. Loss of response to 
melatonin treatment is associated with slow melatonin 
metabolism. J Intellect Disabil Res. 2010;54(6):547–555.

87. Fritz J, Cleland J. Effectiveness versus efficacy: more than 
a debate over language. J Orthop Sports Phys Ther. 2003;33 
(4):163–165.

88. Revicki D, Frank L. Pharmacoeconomic evaluation in the real world. 
Effectiveness versus efficacy studies. Pharmacoeconomics. 1999 
1999;15(5):423–434.

2454 C. SCHRODER ET AL.


	Abstract
	1.  Introduction
	1.1.  Sleep in children and adolescents with autism spectrum disorder (ASD)
	1.2.  Overview of the pediatric insomnia pharmacotherapy market
	1.3.  Introduction to the compound: melatonin

	2.  PedPRM for the treatment of insomnia in children and adolescents with ASD
	2.1.  Composition, pharmacokinetics and metabolism
	2.2.  Effects on the child’s sleep
	2.2.1.  Sleep duration (TST)
	2.2.2.  Sleep onset latency (SOL) and early awakening–
	2.2.3.  Continuous sleep (longest sleep episode ; LSE)

	2.3.  Child daytime behavior
	2.4.  Parental well-being
	2.5.  Safety, tolerability, growth, and pubertal development
	2.6.  Dose compliance and acceptance by patients and caregivers

	3.  Expert opinion
	Funding
	Declaration of interest
	Reviewer Disclosures
	References

