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Many children with autism spectrum disorder (ASD) also have attention-deficit/hyperactivity disorder (ADHD). ADHD in children is associated with increased risk of negative outcomes, and early intervention is critical. Current guidelines recommend psychosocial interventions such as behavioral training as the first line of therapy in managing ADHD symptoms in children with or without ASD. Where symptoms are refractory to these interventions, medications such as stimulants, α2-adrenergic agonist inhibitors, selective norepinephrine reuptake inhibitors, and second-generation antipsychotics are recommended. However, these pharmacotherapies do not have regulatory approval for use in children of preschool age, and evidence on their safety and efficacy in this population has historically been very limited. Since publication of the current guidelines in 2020, several new randomized controlled trials and real-world studies have been published that have investigated the efficacy and tolerability of these medications in preschool children with ADHD, with or without comorbid ASD. Here, we provide a review of the key findings of these studies, which suggest that there is growing evidence to support the use of pharmacological interventions in the management of ADHD in preschool children with comorbid ASD.
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1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) is the most commonly diagnosed neurodevelopmental condition in childhood (1) and occurs in 40–70% of children with autism spectrum disorder (ASD) (2). There is a marked overlap in symptoms between ADHD and ASD (3) that is suggestive of a related etiology (4–6), with similar alterations observed in e.g., neural connectivity, sensory processing, sleep patterns, and motor and impulse control.

Updates to the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria now allow the diagnosis of ADHD in children with a comorbid diagnosis of ASD (7, 8). It is hoped that this will allow more children to be fully diagnosed and treated effectively (1, 8, 9). Standard ADHD rating scales have not yet been validated for patients with comorbid ASD, and careful differential diagnosis of ADHD is required based on observation of the child in a variety of settings (9).

ADHD is characterized by hyperactivity, inattention, and impulsivity (7), which can have lasting negative effects that extend into adulthood (10, 11). Preschool children with ADHD tend to have difficulties in developing fine motor abilities and foundational skills (e.g., writing, basic mathematics, and prereading), and they struggle to socialize due to aggression, disruptiveness, and impulsivity (10, 12). Symptoms of ADHD can exacerbate and perpetuate impairments in children with comorbid ASD, further increasing the risk of negative outcomes in these children and placing an even greater burden on families and caregivers (9).

Several medications have been evaluated in clinical trials for efficacy in the management of ADHD symptoms. Many of these may also have a beneficial effect in patients with comorbid ASD and mainly include stimulants, selective norepinephrine reuptake inhibitors, α-2 adrenergic agonists, and second-generation antipsychotics (13). However, the only pharmacological therapies that the United States’ Food and Drug Administration (FDA) have approved are risperidone (approved 2006) and aripiprazole (approved 2009) for the treatment of children with ASD from the ages of 5 and 6 years, respectively, and these medications are indicated for the comorbid symptoms of irritability and aggression that are frequently associated with this condition (14, 15).

Currently, the most recent guidelines from the American Academy of Pediatrics (AAP) from 2020 recommend that psychosocial interventions (e.g., parent training and behavioral classroom interventions) be used as first-line therapy in children with ASD to manage their core symptoms and any comorbid challenging behaviors, with pharmacotherapies to be used as an adjunct where such interventions are not sufficiently effective (1, 9). However, due to the many potential barriers in place related to access to non-pharmacological treatment strategies (16), combined with the increasing number of children diagnosed with ASD (17), most clinicians do not follow these guidelines (16), and many preschool children either receive medications off-label or remain untreated (18). Nevertheless, there is consensus that early diagnosis and treatment are associated with better social, mental health, educational, and functional outcomes in children with ADHD and ASD (19–21).

The purpose of this mini-review is to describe recently published evidence (2020 to present day) of the efficacy and safety of pharmacotherapies in the treatment of ADHD symptoms in young children ≤6 years. Data from both randomized controlled trials (RCTs) and key observational studies will be discussed, with a particular focus on those including children with comorbid ASD. Given the increasing prevalence of ASD and its associated comorbidities such as ADHD (17), there is a growing need for therapeutic strategies that are both effective and safe in this population.




2 Recent evidence on ADHD medications



2.1 Stimulants

Methylphenidate and amphetamine-based stimulants are among the most commonly prescribed medications for ADHD in children and several formulations are approved for the management of ADHD symptoms (22). For children with ASD, the AAP 2020 guidelines recommend stimulants for the treatment of ADHD symptoms, particularly hyperactivity and impulsivity, where previous, non-pharmacological interventions have not been effective (9).

Until recently, the PATS study (23) was the main reference study on the use of stimulants in preschool children with ADHD. However, there has been an upsurge in interest in stimulants, with several RCTs being published since 2020 in this population (24–26). In addition, the first systematic literature review and meta-analysis to evaluate stimulants in preschool children was published in 2023 (27). It identified five RCTs (including the three published since 2020) across several literature databases and clinical trial registries from inception to 2022 (total n=489; mean age, 4.95 years) that compared stimulants to placebo in preschool children ≤7 years of age in the treatment of ADHD. These double-blinded RCTs assessed three methylphenidate immediate‐release, one methylphenidate extended‐release, and one lisdexamfetamine formulation. The analysis found that stimulants provided a significant benefit over placebo in terms of reduction in ADHD symptom severity (standardized mean difference = −0.59; 95% CI −0.77, −0.41; p < 0.0001), and the evidence was considered of moderate robustness. The authors concluded that although the effect size was smaller than that reported in school-age children and adolescents (28), stimulants are efficacious in reducing ADHD symptoms among preschool children. The meta-analysis by Cortese et al. in older children suggested methylphenidate as the first line of pharmacological therapy for ADHD (28), but in the meta-analysis of preschool children by Sugaya et al., the analyses were underpowered to detect significant differences in the effect of methylphenidate and amphetamines in this population (27).

In addition, the meta-analysis by Sugaya et al. found that the use of stimulants did not lead to an increased rate of all‐cause discontinuations of treatment in comparison with placebo, but confidence in this estimate was very low (27). Although the study could not robustly analyze stimulant tolerability, results from the individual RCTs indicated that short-term treatment with stimulants was generally well tolerated (the median treatment duration was 4 weeks), with most adverse events considered to be mild or moderate.

Reported adverse events that would require close monitoring to address concerns regarding long-term effects, are increased heart rate and blood pressure and decreased growth rates: in the MAPPA study (26), an increase in blood pressure and heart rate was reported in 2 (3.9%) and 1 (2.0%) of the patients, respectively, who were treated with methylphenidate plus sham behavioral parental training for 8 weeks; however, the rates of these cardiovascular events were not significantly different from those in the placebo arms. In the PATS study (n=183) (29), although blood pressure was observed to increase over 1 year of treatment, there were no cases that met the predefined criteria for clinically significant hypertension, and there were no significant differences observed in the rates of elevated blood pressure readings between the treatment and placebo groups. The study by Childress et al. (24) had no placebo arm; 6 (6.7%) patients experienced hypertension, 3 (3.4%) had prehypertension, and 2 (2.2%) had tachycardia; one case (1.1%) of tachycardia was not considered serious by the study investigator but led to treatment discontinuation. Childress et al. also observed a decline in weight and height over 12 months of treatment, with weight loss reported as an adverse event in 16 (18.0%) children and leading to treatment discontinuation in 2 (2.2%) children. The MAPPA study (26) similarly observed a decline in weight and body mass index from baseline in the treatment arm, but there were no significant differences in these measures between the treatment and placebo groups at the study endpoint. In the PATS study (29), weight loss as an adverse event was reported significantly more frequently in children in the treatment arm vs the placebo arm, and 1 child discontinued treatment due to weight loss.

A large retrospective study based on claims data from 2000–2016 in the United States in children aged 3–18 years with ADHD or ASD found no evidence of increased serious cardiovascular risk associated with exposure to stimulants or atomoxetine (30). Importantly however, the long-term effects of medication may differ when initiated at different stages of development (31), and further prospective studies are required to determine whether children exposed to stimulants at an early age develop persistent cardiovascular complications.

There is no recent evidence from RCTs on the use of stimulants in the treatment of ADHD comorbid with ASD in preschool children. A retrospective chart review by Harstad et al. (32) compared α2-adrenergic agonists and stimulants in preschool children with or without ASD, in which both classes of medication were found to be effective in improving ADHD symptoms. For stimulants, the most commonly reported adverse events in young children were increased moodiness/irritability and appetite suppression, which was consistent with findings from RCTs in other age groups.

Overall, stimulants appear to be effective and well tolerated in preschool children and should be considered for the management of ADHD symptoms in children with ASD. However, the side effect profile of stimulants can be worse in children with ASD, and stimulants may appear less effective as a result of exacerbation of coexisting symptoms such as social anxiety, insomnia, reduced appetite, and irritability (9, 24, 32–35). A complete medical evaluation is required along with a comprehensive assessment of the child’s personal and family history of cardiac disease, and the child’s weight, height, blood pressure, and heart rate should be measured at each follow-up visit (27). Routine cardiology consultations or assessments such as electrocardiograms should not be necessary unless indicated in individual cases (36). Treatment should be initiated with small doses that are carefully and slowly titrated up if needed to achieve sufficient symptom control, and care must be taken to avoid unnecessarily large doses (9, 22).




2.2 α2-Adrenergic agonists

Despite the frequency at which α2-adrenergic agonists such as clonidine and guanfacine are prescribed to preschool children with ADHD, either alone or in combination with stimulants (22), there have been no blinded RCTs to date on their use in this population. Observational studies such as the recent retrospective chart review by Harstadt et al. (32) support the effectiveness of α2-adrenergic agonists in young children with ADHD, with or without comorbid ASD, and the most commonly reported adverse events in this study were daytime sleepiness and increased moodiness/irritability. When combined with stimulants, daytime sleepiness can be minimized. However, there remains a paucity of evidence on long-term efficacy and safety in preschool children. Data from studies in older children indicate that treatment with α2-adrenergic agonists requires a comprehensive evaluation and family history, along with close monitoring for cardiovascular adverse events such as hypotension, bradycardia, and QTc prolongation (36).

The AAP 2020 guidelines for ASD recommend the use of α2-adrenergic agonists in children with ASD for targeting ADHD symptoms such as hyperactivity and impulsivity, where these symptoms do not respond to treatment with stimulants or where adverse effects are a concern (9). However, retrospective chart reviews indicate that preschool children with ADHD and comorbid ASD are more likely to be prescribed α2-adrenergic agonists than stimulants, whereas stimulants are more likely to be prescribed to those without comorbid ASD (37, 38). This may reflect clinicians’ and caregivers’ concerns regarding stimulants possibly affecting children’s sleep, as sleep disorders are common in children with ASD (39). Furthermore, α2-adrenergic agonists are also beneficial in managing stereotypical behavior and tics, insomnia, aggression, depression, and anxiety, which makes these medications favorable for use in children with ASD and comorbid ADHD (9, 40–43).




2.3 Selective norepinephrine reuptake inhibitors

Atomoxetine is a selective norepinephrine reuptake inhibitor (SNRI) that has been shown to be effective in the treatment of ADHD in school-age children, adolescents, and adults (44), and it is currently approved for the treatment of ADHD in children aged 6 years and older (45). To date, however, there has been only one double‐blind RCT that has compared atomoxetine and placebo for ADHD treatment in preschool children (46). In this study, significant improvements in ADHD symptoms were reported following 8 weeks of treatment in 101 children of 5 to 6 years of age, but response to treatment was highly variable, with many children remaining moderately to severely impaired by the end of the study. However, longer-term treatment may be needed to fully assess atomoxetine efficacy (47). More recently, in an observational study of atomoxetine in 133 children aged 3–6 years with ADHD comorbid with ASD, atomoxetine titrated to an individualized dose of 1.2–1.8 mg/kg/day appeared to be effective, with an improvement in ADHD symptoms observed in most patients (n=110) who completed at least 6 months of treatment (48).

In the RCT published by Kratochvil et al. (46), the most commonly reported adverse events in the atomoxetine group were gastrointestinal upset and decreased appetite. These adverse effects were mostly mild to moderate in severity. In the observational study by Alsayouf et al. (48), the most common adverse events were gastrointestinal, aggression or hostility, and increased hyperactivity; in all patients who discontinued treatment due to adverse events, symptoms related to these events resolved after treatment ceased. These safety findings are consistent with those from an earlier open-label study (49).

An increased risk of suicidal ideation was observed in children in a pooled analysis of the key clinical trials by Eli Lilly (0.4% vs 0% for atomoxetine vs placebo), with one attempted suicide reported (50). These events occurred during the first month of atomoxetine treatment. As a result, the product label includes a warning that children should be monitored carefully for behavioral changes, particularly when initiating treatment or altering the dose (increasing or decreasing) (45). A subsequent observational study of 4509 children in the United Kingdom (median age, 11 years) found no evidence of an increased risk of suicidal ideation associated with atomoxetine treatment (51).

Adverse events during atomoxetine treatment tend to occur more frequently in preschool children than in older children, and this may be due to developmental differences in pharmacokinetics (52). Furthermore, there is broad heterogeneity in response to atomoxetine in terms of efficacy and tolerability, and this is likely attributable in large part to atomoxetine being mainly metabolized by the highly polymorphic enzyme, Cytochrome P450 2D6 (52, 53). Ultra-rapid metabolizers may experience reduced efficacy, and poor metabolizers may have a higher risk of adverse events. Therefore, it is important to slowly titrate the medication to find the optimal dose for each child.

Thus, atomoxetine may be considered for the treatment of ADHD symptoms in preschool children where symptoms remain refractory to stimulants as a first-line therapy, and it is particularly recommended in children where social anxiety and obesity are also present (9, 54). The initial dose should be low and slowly titrated up, and children should be monitored for adverse effects, including any changes in behavior, particularly when the dose is changed.




2.4 Second-generation antipsychotics

Risperidone and aripiprazole are currently the only medications approved by the FDA for the treatment of the comorbid symptoms of irritability and aggression in children with ASD, but only from the ages of 5 and 6 years, respectively (13–15). These second-generation antipsychotic medications are also recommended in the AAP 2020 guidelines for the treatment of hyperactivity in children with ASD, for patients in whom stimulants, atomoxetine, and α2-adrenergic agonists as first-line and second-line therapies are ineffective or not well tolerated (9).

Although there have been many clinical trials on the use of risperidone and aripiprazole for the treatment of various challenging behaviors in children with ASD aged 5–18 years (13, 55), there is very little evidence from RCTs in preschool children, including in the management of comorbid ADHD symptoms in this population (27, 56). Despite the lack of RCT-based evidence and regulatory approval, antipsychotic medications are increasingly prescribed to preschool children with ASD, with HCPs relying on reported clinical experience instead (57–61). Two recent observational studies on treatment outcomes with antipsychotics in children with ASD (mean age <6 years) suggest that risperidone and aripiprazole are effective in treating both the core signs and symptoms of ASD, as well as comorbid challenging behaviors such as hyperactivity and inattention; adjunct treatment with methylphenidate or atomoxetine was also prescribed as needed to help manage weight gain and improve attention (62, 63). Notably, recent RCT evidence from school-age children suggests that optimizing the dose of any stimulant prescribed prior to initiating antipsychotics is fundamental for achieving beneficial outcomes (64). Antipsychotic medications can be particularly useful in patients with comorbid symptoms such as anxiety, irritability, depression, aggression, self-harm, repetitive behaviors, and behavioral rigidity (9).

It is important to note that treatment with antipsychotics may result in potentially long-term adverse effects that include weight gain, hyperprolactinemia, cardiac symptoms such as tachycardia or a prolonged QTc interval, extrapyramidal symptoms such as dystonia or tardive dyskinesia, and metabolic disturbances such as hyperlipidemia or hyperglycemia (13, 65, 66). Thus, families and clinicians need to carefully consider the potential benefits and risks of using these medications when young children are unresponsive to other treatment strategies. A comprehensive medical examination, thorough history, as well as close monitoring with regular follow-up are required in children undergoing antipsychotic treatment. Before starting treatment, it is recommended to perform the relevant laboratory tests to generate a baseline against which any metabolic adverse effects can be monitored during subsequent checkups (67–71), and an echocardiogram and electrocardiogram should be performed on all patients when the maximum dose is reached or earlier if indicated (72–75). At every visit, weight, body mass index, height, and vital signs should be assessed, and an evaluation such as the Abnormal Involuntary Movement Scale (AIMS) should be conducted (76).





3 Conclusions

Children with ADHD face significant impairment and an increased risk of mortality, morbidity, and poor educational outcomes (10, 11, 77). The early diagnosis and treatment of ADHD in preschool children has the potential to markedly improve their long-term quality of life by preventing a downward spiral of increasing impairment and comorbidity (11).

Current guidelines recommend psychosocial interventions as the first line of therapy for children with ASD, with pharmacological treatment only recommended as needed when previous interventions are not sufficiently effective (9). However, psychosocial interventions are not widely available or may be cost-prohibitive, particularly in resource-limited regions, and the early evidence base for these is arguably outdated and/or lacking in robustness (27). Treating ADHD in children with ASD is as important as treating ADHD in children without ASD, and the same medications can be used for both groups of patients (9, 78). Since these guidelines have been published, there have been several RCTs and real-world studies examining pharmacological interventions for ADHD in children of preschool age, particularly for stimulants.

Regardless of the treatment chosen, it is important to emphasize that there remains limited evidence on the long‐term efficacy and safety of ADHD medications in preschool children. In addition, children with comorbid ASD appear to be more susceptible to adverse effects from ADHD medications than those with ADHD alone (9). For this reason, medications should be slowly titrated up from a small initial dose, and children need to be carefully monitored by their families, caregivers, and HCPs for adverse effects. Adverse event monitoring by clinicians should include regular measures of height, weight, heart, and blood pressure; where indicated, further cardiologic assessments may be required. For treatment with antipsychotics, metabolic indicators should also be monitored. Clinicians need to also provide regular follow-ups to assess any changes in ADHD/ASD symptom severity and global functioning.

Pharmacological intervention for the treatment of ADHD symptoms comorbid with ASD in very young children requires transparent communication and collaborative decision-making between families and HCPs (9). It is critical that treatment strategies be individualized, considering not only the available evidence on efficacy and safety, but also each child’s symptom severity, comorbidities, and functional needs. Other factors that will play a role include treatment cost and availability, parenting practices, and family preferences. Families also need to be fully informed of the potential long-term negative consequences of not treating/delaying treatment of ADHD symptoms. Future, long-term RCTs in preschool children are necessary to provide more rigorous, evidence-based recommendations for this population.
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