The sleep–circadian connection: pathways to understanding and supporting autism and attention-deficit/hyperactivity disorder
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Abstract 
Autism and Attention-Deficit/Hyperactivity Disorder (ADHD) are among the most common neurodivergent neurotypes worldwide. Epidemiological evidence shows that sleep and circadian disturbances, such as difficulty initiating and maintaining sleep, and delayed sleep-wake phase, are highly prevalent in autistic children, children with ADHD, and those with both conditions. Despite scientific advancements, a comprehensive framework integrating sleep and circadian mechanisms with targeted interventions for autism and ADHD remains underdeveloped. This review examines sleep and circadian dysfunction in autistic children and adolescents, as well as in those with ADHD or both neurotypes, focusing on the underlying biological mechanisms. Recent advances in the genetic and molecular links between sleep, circadian rhythms, and neuroplasticity are discussed, alongside the influence of these systems on physiology and therapeutic strategies. Both pharmacological (e.g., melatonin) and non-pharmacological (e.g., cognitive behavioral therapy for insomnia) interventions are considered, with an emphasis on the need for an integrated treatment model that accounts for the dynamic interplay between sleep and circadian rhythms in these populations. Key gaps in the current evidence base are identified, particularly in relation to non-pharmacological interventions, and future research directions are outlined. While most randomised controlled trials in children and adolescents have focused on behavioural sleep interventions, we also discuss emerging findings from trials using alternative approaches, such as targeted light therapy in adults, with implications for paediatric populations. Finally, we emphasise the importance of incorporating the perspectives of autistic children and adolescents, and individuals with ADHD, as well as their parents and caregivers, into research designs. 
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Key Messages
1. Sleep and circadian rhythm disturbances are highly prevalent in autism and ADHD, with symptoms like insomnia, delayed sleep-wake phase, and restless legs syndrome occurring far more frequently than in neurotypical peers.
2. Objective tools, such as actigraphy and Dim Light Melatonin Onset, offer accurate assessments of sleep and circadian disruptions, but are underutilised in clinical settings due to logistical barriers.
3. Disrupted sleep and circadian rhythms may contribute to core characteristics of autism and ADHD by affecting neuroplasticity, synaptic pruning, and prefrontal cortical function.
4. Effective management of sleep and circadian disturbances in autism and ADHD requires a comprehensive approach that integrates behavioural therapies, promotion of good sleep habits, and pharmacological interventions for optimal outcomes.
5. Collaboration with autistic individuals, individuals with ADHD, and their families is crucial to understand their unique needs and preferences. Integrating lived experiences into research and therapeutic support plans can enhance adherence and improve outcomes.

Introduction
Sleep and circadian rhythms play a fundamental role in neurodevelopment, influencing cognitive functioning, emotional regulation, and overall well-being across the lifespan (1). Sleep architecture and circadian patterns evolve from infancy through adulthood, reflecting maturational changes in brain development (2). In most cultures, sleep consolidates into a monophasic pattern as children grow, with a gradual decrease in total sleep duration, earlier sleep timing, and an increase in slow-wave sleep (SWS) during childhood (2). Adolescence is a critical period of circadian reorganisation, marked by a biologically driven delay in sleep timing, a shift in dim light melatonin onset (DLMO) (3), and an increasing misalignment between intrinsic sleep preferences (chronotype) and social schedules (4). In some cases, this misalignment becomes severe enough to meet the criteria for a circadian rhythm sleep-wake disorder (5). The most common is delayed sleep–wake phase disorder (DSWPD), where sleep onset and offset occur substantially later than desired. The consequences of these disorders extend beyond sleep itself, impacting academic performance, emotional regulation, and overall cognitive development (6). Compared to adolescence, adulthood is characterised by a decline in  sleep duration and quality, including a reduced percentage of SWS and an earlier timing of the circadian clock (7). Throughout these developmental age transitions, disruptions in sleep homeostasis or circadian timing can profoundly affect neurocognitive and behavioural functioning, particularly in individuals with divergent neurotypes who may already experience sleep and circadian rhythm disturbances (Figure 1).
Autism is a neurodivergent neurotype with a worldwide estimated prevalence of 1-2% (8, 9). Autistic people may exhibit differences in social interaction, communication, and sensory processing (10). Autism is often associated with disruptions in sleep and circadian rhythms, including prolonged sleep onset latency, reduced sleep efficiency, shorter sleep duration, and later sleep-wake timing in children, adolescents, and young adults (11). These disturbances can have cascading effects on social behaviour, cognitive functioning, and quality of life  (12).
Similarly, Attention-Deficit/Hyperactivity Disorder (ADHD) is a prevalent neurodivergent neurotype affecting approximately 5% of the global population (13). Marked by differences in attention, hyperactivity, impulsivity, or a combination of these traits, ADHD is often associated with sleep and circadian rhythm disruption (SCRD)(14). Children with ADHD are up to eight times more likely to be diagnosed with sleep disorders than the general population (15). Common disruptions include delayed sleep onset, increased nocturnal movement, daytime sleepiness, and shorter sleep duration (16). Additionally, up to a third of individuals with ADHD experience circadian misalignment, often presenting as a delayed chronotype or DSWPD (17). These disruptions in sleep and circadian rhythms may not only contribute to cognitive and behavioural differences associated with ADHD but also intersect with the underlying physiology of the neurotype, particularly in adolescence when circadian delays become more pronounced (18). 
Current sleep and circadian interventions for autistic children, adolescents, and those with ADHD, including melatonin supplementation and cognitive behavioural therapy for insomnia (CBT-I), are primarily used in clinical practice to address sleep complaints, with less emphasis on correcting circadian misalignment (19-21). Moreover, there are limited pharmacological and non-pharmacological interventions specifically targeting the underlying circadian mechanisms (22). Another key limitation is the lack of Patient and Public Involvement (PPI) in the development of these interventions, which may result in solutions that do not adequately address the real-world needs, preferences, and lived experiences of neurodivergent individuals.
This narrative review aimed to synthesise data on (1) the prevalence of sleep and circadian disorders in autistic children and adolescents, in children and adolescents with ADHD or both; (2) potential genetic, molecular, and neurobiological mechanisms underlying sleep and circadian differences in these populations; (3) evidence-based interventions targeting sleep and circadian function; and (4) key gaps and opportunities for future sleep-circadian research. Throughout the review, we will use identity-first language (e.g., autistic individuals) in alignment with lived experience perspectives (23). For ADHD, we use person-centred language. This decision reflects the current lack of evidence syntheses regarding language preferences within the ADHD community. In line with a neurodiversity-informed framework, we use neuroaffirming language. Specifically, we avoid framing neurodivergent differences as intrinsic deficits, recognising that many autistic individuals and those with ADHD view such traits as part of their identity rather than as “disorders”.

<<Figure 1>>
Figure 1. Conceptual framework of sleep/circadian mechanisms in autism and ADHD. A. Changes in sleep duration and chronotype across childhood and adolescence in autistic individuals (modified from (24, 25)). Autistic individuals, irrespective of developmental age, experience shorter sleep duration compared to neurotypical age- and sex-matched individuals. Moreover, autistic adolescents (15-21 years) often have a later chronotype compared to neurotypical age- and sex-matched individuals. Longitudinal studies indicating similar changes in sleep duration and chronotype in individuals with ADHD are yet to be established. B. Sleep and circadian rhythm disorders are often more frequent in autism and ADHD. This may be due to the interrelationship of lifestyle factors affecting sleep and circadian rhythms, environmental factors, including academic needs, genetic variants associated with an increased risk of sleep and circadian disorders, and changes in neuroplasticity. 

[bookmark: _Hlk169102700]An overview of sleep and circadian rhythm disturbances 
Given the high prevalence of SCRD in autistic and ADHD populations, accurate identification in children and adolescents is essential to inform effective therapeutic support. Traditional diagnostic methods, such as parent-report questionnaires, offer accessible starting points but often lack precision in distinguishing between sleep disorders and circadian rhythm disturbances. Subjective reports must therefore be interpreted cautiously and supplemented by a detailed clinical assessment, sleep logs, and objective measures. Actigraphy, a non-invasive method using wrist-worn devices to monitor sleep-wake patterns over extended periods in naturalistic settings, is particularly useful for identifying delayed sleep–wake phase and irregular sleep-wake patterns (26). It offers critical behavioural correlates and is frequently used in both research and clinical settings. Polysomnography (PSG) remains the gold standard for diagnosing primary sleep disorders such as sleep apnoea and periodic limb movement disorder, which may co-occur in neurodivergent populations (27). Melatonin-based chronobiological markers, such as DLMO—the time at which melatonin levels begin to rise under dim light conditions—are essential for accurately assessing circadian phase, offering a reliable and biologically grounded measure of internal timing (28). However, despite its clinical relevance, DLMO assessment is rarely used in routine care due to logistical challenges, including the requirement for controlled lighting conditions and repeated collection of salivary or plasma samples.
Autism
Subjective sleep reports (self or parent-reported). Autistic children and adolescents frequently report low sleep quality (21, 29-31), with meta-analytical evidence (22 cross-sectional studies) demonstrating notable associations between self-reported sleep disturbances and core characteristics of autism, including social communication difficulties and repetitive behaviours (32). However, given the cross-sectional nature of these studies, directionality remains unclear—sleep disturbances may contribute to core characteristics, or, conversely, these characteristics may exacerbate sleep problems. Additionally, a meta-analysis (37 cross-sectional studies) found that autistic children exhibit higher levels of bedtime resistance, sleep anxiety, daytime sleepiness, and overall sleep disturbances compared to neurotypically developing peers (31). These findings are further supported by limited but emerging longitudinal evidence indicating that autistic adolescents (but not children) experience a substantially later chronotype than their neurotypical peers (25) (Figure 2). 
Diagnosed sleep disorders. Beyond general sleep difficulties, a substantial proportion of autistic children and adolescents meet the diagnostic criteria for sleep disorders, including insomnia and periodic limb movement disorder, at substantially higher rates than their neurotypical peers (33). A meta-analysis of 42 studies found that 17.5% of autistic children and adolescents have a diagnosed sleep disorder, compared to 3.7% of their neurotypical peers (33). 
Sleep-disordered breathing (SDB) is a notable concern in the paediatric population, with obstructive sleep apnoea (OSA) being the most diagnosed form. Reported prevalence rates indicate that autistic children are nearly twice as likely to be diagnosed with SDB compared to their neurotypically developing peers (34). The increased prevalence may be partly explained by higher rates of obesity (30.4% in autistic children compared to 23.6% in their neurotypically developing peers), as well as a greater incidence of hypotonia and oral motor apraxia in autistic children (35). A narrative review (7 studies, various designs) highlights the complex interplay between autism, SDB, and related factors such as joint hypermobility and muscle hypotonia, emphasising the need for multidisciplinary therapeutic support strategies (35). Notably, in the context of autism, the relationship with OSA has been the subject of ongoing debate, with questions raised as to whether observed associations reflect true comorbidity or instead represent diagnostic overlap or misattribution. This underscores the importance of careful differential diagnosis and the need for studies that can disentangle overlapping core characteristics using well-characterised cohorts and objective measures.
Quantitative sleep metrics. PSG studies further confirm sleep disturbances in autism. A meta-analysis (10 studies using both actigraphy and PSG) found that autistic children had substantially shorter total sleep duration compared to their peers with neurotypical development, although no other sleep-related parameters differed (27). Complementary evidence (meta-analysis of 16 studies using wrist-worn wearable devices) further supports these findings, indicating longer sleep latency, lower sleep efficiency (time asleep relative to time in bed), and reduced total sleep time in autistic children and adolescents (29). Given the essential role of sleep in cognitive and behavioural functioning, chronic sleep disturbances may contribute to neural development by affecting synaptic plasticity and neural connectivity (36).  
Physiological circadian markers. In addition to disrupted sleep patterns, autistic children and adolescents may also exhibit circadian misalignment. Laboratory assessments of endogenous DLMO indicate that autistic children and adolescents, on average, exhibit a considerably later DLMO compared to age-matched neurotypically developing peers (28). Other key characteristics include a reduced contrast between daytime and nighttime melatonin levels and irregular melatonin release patterns (37). These disruptions in circadian regulation may contribute to the broader physiology of autism, highlighting the need for targeted chronotherapeutic interventions (37). 

ADHD
	Subjective sleep reports (self or parent-reported). Children and adolescents with ADHD report poor sleep quality, with a meta-analysis (13 cross-sectional studies) showing more frequent sleep disturbances, lower sleep efficiency, and greater daytime sleepiness compared to neurotypical peers (38). Additionally, a systematic review (19 cross-sectional studies) suggested associations between sleep disturbances and ADHD core characteristics, linking them to altered clinical, neurocognitive, and functional outcomes (39). Chronotype differences are also notable, with individuals with ADHD being twice as likely to exhibit a later chronotype than their neurotypical peers (17).
Diagnosed sleep disorders. Children and adolescents with ADHD are more likely to receive clinical diagnoses of sleep disorders and be prescribed sleep medications—up to 9 times more likely in childhood and 16 times more likely in adolescence—compared to their neurotypical peers (15). One of the most common primary sleep disorders in ADHD is Restless Legs Syndrome (RLS), a sensory-motor disorder marked by limb sensations and an overwhelming urge to move the legs to offer symptom relief, particularly in the evening at rest. RLS is markedly more common in children with ADHD (20–25%) compared to neurotypically developing peers (1.5–2%) (40). Similar findings have been reported for other periodic limb movement disorders, which some studies suggest are more common in individuals with ADHD and may contribute to fragmented sleep, excessive daytime sleepiness, and exacerbation of ADHD core characteristics, although this association remains debated in the literature (41).   
Beyond RLS, OSA is another sleep disorder frequently reported in children with ADHD, with prevalences ranging from 25% to 57% (42). However, some researchers have questioned the strength and consistency of this association (42). Children with OSA generally exhibit less bedtime resistance but have greater difficulty waking in the morning and show more inattention and hyperactivity compared to those without OSA (43), suggesting that SDB may contribute to the core characteristics of ADHD in at least a subset of affected individuals. Notably, obesity is both a known risk factor for OSA and is more frequently observed in children with ADHD, possibly due to shared underlying mechanisms (44). Therapeutic support guidelines include first-line weight loss for overweight or obese children, then upper airway surgical interventions such as adenotonsillectomy if lymphoid hyperplasia is detected, or continuous positive airway pressure (CPAP) as next-line therapy (45). None of these approaches have been evaluated in this specific population, and compliance with non-invasive ventilation can be challenging in practice in children with neurodiversity due to factors such as sensory sensitivities (46). 
Quantitative sleep metrics. Some PSG studies have reported alterations in sleep architecture among children with ADHD, but results have been inconsistent. A systematic review (18 studies, all PSG) found that several reported substantially increased REM sleep duration in children with ADHD compared to age- and sex-matched neurotypical controls (47). However, findings for other sleep parameters were inconsistent, with most studies showing no notable differences across the majority of metrics (47). 
Physiological circadian markers. Beyond sleep disturbances, individuals with ADHD often exhibit delayed circadian timing. Laboratory assessments based on endogenous DLMO show that children and adolescents with ADHD are more likely to have a later DLMO than age-matched neurotypical peers (17). Notably, individuals with ADHD who experience delayed sleep onset latency are twice as likely to have a later DLMO (17). Wrist-worn actigraphy studies further support these findings, demonstrating that children with ADHD are generally more likely to have a delayed sleep-wake phase compared to neurotypical controls (48). Emerging evidence suggests that these differences may not solely reflect a shift in the timing of the circadian clock, but also a desynchrony between the circadian system and behavioural sleep–wake rhythms, highlighting the complexity of circadian regulation in this population (49).

<< Figure 2 >>
Figure 2. Evidence synthesis of sleep and circadian rhythm changes occurring in autism and ADHD. Summary of the current understanding of differences in autism and ADHD (compared to individuals with neurotypical development) of sleep-related (blue boxes) measurements. The left panel includes data on autistic individuals and includes self-reported sleep quality and daytime sleepiness (30), sleep-related parameters derived from wrist-worn wearables (29), laboratory-assessed sleep architecture (27), and risk of sleep disorders (33). This framework also summarises the limited data available on circadian markers (red boxes). These include self-reported chronotype (25), circadian rest-activity measures, social jetlag, laboratory-assessed dim light melatonin onset (28), and the risk of circadian sleep-wake disorders (50). The right panel includes data on individuals with ADHD for sleep (15, 51, 52) and circadian (17, 33) factors and disorders. Bold-lined and coloured boxes indicate robust evidence (i.e., at least two reported meta-analyses); Bold-lined and white boxes indicate limited evidence (no meta-analysis or fewer than two studies); hatched line boxes indicate lack of evidence. Head icon with infinity symbol: Autism and ADHD acceptance symbols are embraced by many neurodivergent communities. Abbreviations: PSG: polysomnography; TST: total sleep time; DLMO: dim light melatonin onset; PLMD: periodic limb movement disorder.
Mechanisms underlying sleep and circadian rhythms in autism and ADHD 
Understanding the high prevalence of SCRD in autism and ADHD raises essential questions about the underlying mechanisms. While behavioural and environmental factors play a role, emerging evidence suggests that genetic and molecular pathways may also contribute to sleep phenotypes in neurodivergent people (53-57). In this section, we focus on the biological mechanisms through which SCRD may exacerbate autism and ADHD, as most mechanistic studies in humans, such as genome-wide association studies (GWAS) using Mendelian randomisation and laboratory-based sleep studies, have primarily explored this direction of causality. To our knowledge, there are currently no human studies employing similar experimental designs that demonstrate how autism or ADHD traits contribute to SCRD. Further research is needed to clarify these multidirectional links. 
Genetic and molecular links 
Autism
The heritability of co-occurring autism and sleep disturbances is not yet fully established. However, a GWAS found that insomnia risk genes are enriched in autistic children compared to controls with neurotypical development (53). Given the evidence for delayed timing of circadian phase markers (e.g., DLMO) in a subset of autistic individuals, mutations in core circadian clock genes are likely candidates for influencing sleep phenotypes in autism. For example, common variants in CRY1 are linked to delayed sleep-wake phase disorder, while PER2 and CKIδ variants are associated with advanced sleep-wake phase disorder in the general population (53). However, the association between autism and mutations in core clock genes remains unclear. A study examining single-nucleotide polymorphisms (SNPs) across 25 clock and melatonin-related genes found no considerable associations with sleep disturbances or daytime sleepiness in a large cohort of autistic children (53). 
Despite this, atypical melatonin levels have been reported in studies on autism, and common genetic variants affecting melatonin synthesis have been linked to altered sleep efficiency and increased insomnia symptoms in autistic children compared to controls with neurotypical development (54). These findings suggest that different melatonin biosynthesis may play a role in the sleep disturbances commonly observed in autism (55). 
ADHD
Several studies reported no notable genetic associations between chronotype and ADHD risk (56). This may be due to the relatively modest variance in chronotype explained by identified genetic loci (~4%) and the fact that chronotype heritability is estimated to be at most ~50% (56). Consequently, the later chronotype often observed in ADHD may be more strongly influenced by behavioural and environmental factors rather than genetic predisposition and may serve as a potential target for behavioural interventions. 
While clock gene polymorphisms may not independently increase genetic risk for an ADHD diagnosis, they may contribute to ADHD core characteristic severity through interactions with environmental factors. A recent study using random forest regression found a considerable interaction between PER3 and stress in predicting the expression of ADHD core characteristics (57).  These findings suggest that targeted, hypothesis-driven genetic analyses may help uncover the role of rare clock gene variants in ADHD susceptibility and expression.
Neuroplasticity links to SCRD
Neuroplasticity refers to the brain’s ability to reorganise itself by forming, strengthening, or suppressing new neural connections – a fundamental process for learning, memory, and recovery from brain injuries (58). Both sleep and circadian factors play crucial roles in regulating neuroplasticity through complementary mechanisms (59, 60). Sleep facilitates the reactivation and strengthening of specific neural connections (memory replay and consolidation) (59) while also promoting the downscaling and suppression of synaptic connections to maintain an optimal number of functional synapses (synaptic downscaling) (60). Beyond sleep, circadian rhythms influence neuroplasticity by modulating cortical excitability, a key marker of synaptic strength (61). Research shows that cortical excitability is up to 40% higher during the night compared to the morning, suggesting that circadian phase exerts an independent effect on neural plasticity (61). These findings highlight the intricate interplay between sleep and circadian regulation in shaping brain function.
Autism
There are two major hypotheses regarding the neural mechanisms underlying autism: the excitation-inhibition (E-I) imbalance hypothesis (62) and the altered neuroplasticity hypothesis (63). The E-I imbalance hypothesis suggests that autism arises from a difference in the balance between excitatory and inhibitory neural systems, which are essential for typical neuronal information processing. This imbalance is thought to contribute to core autism characteristics (62). In contrast, the altered neuroplasticity hypothesis proposes that atypical neuroplasticity underlies the core characteristics of autism (63). Given that sleep plays a fundamental role in both neuroplasticity and E-I balance, disturbances in sleep could contribute to these underlying mechanisms in autism (64). 
Initially, the E-I imbalance hypothesis suggested that a shift toward excessive excitation increases neural noise, altering information processing (65). Various studies, including post-mortem analyses, animal models (66) and magnetic resonance spectroscopy studies (67) support this hypothesis. Notably, the E-I balance fluctuates across the 24-hour day in a sleep-dependent manner, with inhibitory processing being upregulated and excitatory processing downregulated during sleep (68). These modulations are likely controlled by key neuromodulators whose concentrations vary across different sleep stages (69). It has been proposed that one of sleep’s core functions is to maintain stable levels of excitation and inhibition, with studies showing that sleep helps stabilise proxies of excitatory and inhibitory strength compared to wakefulness (70). As a result, sleep disturbances in autism may further contribute to E-I imbalances.
In the first 1–2 years of life, synaptic density in the human cortex increases sharply, followed by an activity-dependent pruning process that reduces synaptic connections by approximately 50% (71). Synaptic pruning plays a vital role in shaping brain circuits and supporting cognitive development. In autism, however, children and adolescents are more likely to show elevated spine densities, reduced synaptic pruning, and lower overall brain weights—particularly among those with lower cognitive functioning (72, 73). These atypical patterns of cortical connectivity may alter neural computations, contributing to hyperexcitability and cognitive impairments (73). Since sleep is critical for synaptic pruning and cognitive processes such as learning and memory, disrupted sleep in autism may further exacerbate differences in synaptic refinement (74).
ADHD
	ADHD core characteristics may involve challenges with motor inhibition, attention, and working memory, often linked to differences in the interaction between neural systems governing executive functions (EFs) (75). These differences are linked to alterations in network connectivity, most notably a reduction in the activation of the prefrontal cortex, particularly the left dorsolateral region. This area plays a crucial role in mediating executive functions (EFs) through its connections with fronto-striato-parietal and fronto-cerebellar networks. Slow-wave activity (SWA) during sleep is most prominent over prefrontal regions, reflecting a build-up of sleep pressure in these circuits (76). This sleep pressure is resolved through sleep and its homeostatic regulation (77). Sleep disturbances in ADHD may interfere with this process, potentially contributing to reduced daytime prefrontal activation and altered long-term maturation of these networks, as observed in ADHD.
Sleep disruptions in ADHD could also lead to intrusions of sleep slow waves during wakefulness (78) a phenomenon observed in both sleep-deprived and well-rested animals and humans (e.g., (79) [Figure 3A]). These intrusions highlight the blurred boundary between sleep and wakefulness, particularly under conditions of sleep debt, increased sleep pressure or perturbed sleep-wake regulation (78). Importantly, the presence of slow waves during wakefulness can negatively impact cognitive functions, especially attention and executive control (Figure 3B-C) (80). This suggests that sleep intrusions could both result from ADHD-related sleep disturbances and contribute to core ADHD characteristics, such as attentional differences (Figure 3D) (81). Given that sleep intrusions can be pharmacologically modulated (82), targeting sleep and slow-wave activity may represent a novel therapeutic approach for ADHD. 
	Similar to autism, sleep disturbances in ADHD may also contribute to differences in synaptic pruning and myelination, particularly during adolescence, when slow-wave sleep naturally declines (83). The prefrontal cortex plays a crucial role in sleep homeostasis through its cortico-subcortical connections, which regulate transitions between sleep and wakefulness (84). Therefore, ADHD-specific prefrontal connectivity and activity may disrupt sleep regulation, leading to increased sleep disturbances. In turn, these disturbances may impair prefrontal cortical maturation, contributing to attentional differences, thereby creating a bidirectional relationship between ADHD and sleep disturbances in both the short and long term. Supporting this idea, an EEG study of children with ADHD found higher slow-wave sleep (SWS) power over central brain regions compared to neurotypical controls, suggesting a delay in the normative decline of SWS (85). Additionally, fMRI studies have identified differences in the lateral inferior fronto-striatal and orbitofrontal-ventromedial (86) regions, which play a key role in cognitive control and emotion regulation. Rumination and emotional dysregulation often play a role in insomnia (87), suggesting a possible indirect effect of changes in neural circuitry on sleep regulation in ADHD.

<<Figure 3>>

Figure 3. Neuroplasticity links to Sleep and Circadian Rhythm disruption. A. Slow waves are a hallmark of NREM sleep but can also be observed in wakefulness, particularly when individuals are tired or sleep deprived. Slow waves observed in wakefulness, sharing similar properties including their temporal profile as shown here, are characterised by a high amplitude and slow frequency. B. The occurrence of these wake slow waves can predict lapses of attention, such as missed trials or false alarms, as shown by these topographies, which illustrate the statistical relationship between slow wave occurrence and behavioural errors. C. Steeper slow waves are also associated with mind wandering (MW, i.e., thinking about something other than the task) over frontal electrodes and with mind blanking (MB, i.e., thinking about nothing) over posterior electrodes. D. These region-specific effects between slow waves, behavioural errors and changes in subjective experience hint at a mechanistic relationship between slow waves and attentional lapses. Panels C to E are adapted from (80).
Evidence-based sleep and circadian interventions in autism and ADHD 
Emerging genetic and neurophysiological evidence links sleep and circadian rhythms to the neurobiology of autism and ADHD, underscoring the importance of targeted interventions. Evidence-based strategies—including behavioural therapies (88, 89), sleep habit practices (20), and when appropriate, medication, offer effective approaches for improving sleep and circadian regulation in these populations. Such interventions are generally low-risk, adaptable to individual needs, and can help alleviate sleep disturbances while supporting cognitive and emotional well-being. For an overview of some pharmacological interventions, please refer to the supplemental information (pages 2-4). 
Non-pharmacological interventions: cognitive behavioural therapy for insomnia
Among non-pharmacological interventions, cognitive behavioural therapy for insomnia (CBT-I) stands out as a structured, evidence-based approach that targets maladaptive thoughts, behaviours, and habits contributing to chronic insomnia. CBT-I is highly effective in improving sleep quality, reducing sleep-onset latency, and enhancing overall well-being, making it a leading non-pharmacological therapeutic intervention for insomnia in both adults (88) and children/ adolescents (89). In children and adolescents, the approach is often adapted to emphasise parent-child interactions and minimise the need for direct cognitive engagement from the child (90). Several studies have outlined strategies for tailoring interventions to autism and ADHD, such as simplifying language (91), shortening sessions and using digital CBT-I (92), increasing repetition of materials, and incorporating the child’s and adolescent's focused interests into therapeutic use (93). However, the multimodal nature of these interventions requires co-participatory research to ensure they are meaningfully adapted to the specific needs, preferences, and lived experiences of autistic adolescents and those with ADHD.
Autism
CBT-I has shown promise as a non-pharmacological approach for improving sleep in autistic adolescents. In a small pilot study in autistic adolescents, virtual CBT-I led to notable improvements in insomnia symptoms immediately post-intervention compared to pre-intervention levels (91). These improvements were maintained over six months, with participants reporting shorter sleep-onset latency, less wakefulness after sleep onset, and increased total sleep time (91). 
ADHD
While the efficacy of CBT-I in children with ADHD remains to be tested, studies in adults suggest potential benefits. A longitudinal study reported reductions in insomnia severity following the therapeutic intervention, though these improvements did not persist at follow-up (92). 
Beyond CBT-I, behavioural sleep interventions have shown promise in improving sleep and related outcomes in neurodivergent youth. In children with ADHD, a brief behavioural sleep intervention—providing tailored sleep strategies to families through two face-to-face consultations—demonstrated promise (20). This intervention led to considerable improvements in sleep problems, ADHD severity, quality of life, daily functioning, and behaviour, with benefits persisting up to 12 months post-randomisation (19). These findings underscore the potential of tailored sleep interventions for improving both sleep and broader functional outcomes in neurodivergent youth, though further research is needed to optimise long-term efficacy.
Non-pharmacological interventions: bright light therapy (BLT)
 Given the strong link between circadian misalignment and sleep disturbances in autism and ADHD, bright light therapy (BLT) offers a promising non-invasive approach to regulating the timing of the circadian clock. BLT involves exposure to specific wavelengths of light, typically delivered through a lightbox or similar device, and has been widely used to manage mood disorders and circadian rhythm disruptions (94). When administered at the right time of day, BLT can help correct circadian misalignment, particularly in individuals with delayed sleep timing (95). Given emerging hypotheses that autistic children (96) and children with ADHD (97) may exhibit heightened photosensitivity, circadian-targeted light therapy could represent a promising therapeutic approach for these populations. However, there are currently no human studies that investigate whether children and adolescents with ADHD and autism respond differently to light exposure compared to neurotypical peers. This limits the ability to establish light sensitivity as a modifiable factor implicated in SCRD in these neurodivergent neurotypes.
Autism	
Currently, no studies have investigated the effects of BLT on SCRD in autistic children or adults. 

ADHD
Although no studies have examined the effects of BLT in children or adolescents with ADHD, preliminary research in adults suggests potential benefits. In one study, adults underwent a three-week 30-minute light therapy per day intervention (full-spectrum, 10,000 lux), which resulted in improvements across multiple ADHD core characteristics, including inattentiveness, memory, hyperactivity, restlessness, impulsivity, emotional lability, and self-concept issues (98). Another pilot study implemented a two-week morning BLT intervention (10,000 lux, white light), which considerably advanced DLMO and shifted sleep timing earlier (99). While these preliminary findings are promising, both studies involved older cohorts, lacked comprehensive sleep assessments and control groups, and did not provide clear guidelines for translating 24-hour light exposure recommendations into clinical practice. These insights, however, may inform the design of future studies in autistic children and children with ADHD (see “Future Directions and Conclusions”). Given the heightened circadian sensitivity to light in children and adolescents, light-based interventions may be especially beneficial for younger populations (100).

<< Figure 4 >>
Figure 4. Conceptual framework of potential sleep and circadian therapeutic support in autism and ADHD. Melatonin administration before sleep time is currently the most tested sleep aid for chronic insomnia in autism and/or ADHD. However, it is not primarily used for its chronobiological property (e.g., aimed at inducing circadian phase advances in melatonin rhythms). Recent randomised clinical trials have tested adjuvant sleep-circadian medication, including non-benzodiazepine sedative-hypnotics (Z-drugs), although these require further testing in more clinical trials and beyond childhood (101). Among non-pharmacological interventions, cognitive behavioural therapy for insomnia (CBT-I) is endorsed as the first line for therapeutic support of insomnia; however, it has been primarily focused on neurotypical neurotypes. Other non-pharmacological interventions aimed at alleviating sleep and circadian disorders, as neurostimulation, light therapy, behavioural strategies minimizing circadian misalignment (e.g., timed physical activity, appropriate meal timing), and lifestyle changes affecting sleep and circadian rhythms (e.g., caffeine and alcohol intake), remain to be fully established in neurodivergent individuals. Bold-lined boxes indicate robust evidence; hatched line boxes indicate preliminary evidence.
Conclusions and Future Directions
	Low sleep quality and sleep disorders are markedly more common in autistic children and those with ADHD than in their neurotypical peers (15, 33), underscoring the urgent need for targeted and developmentally appropriate interventions. Emerging research, though still in its early stages, suggests that alterations in neuroplasticity may contribute to this increased vulnerability to SCRD (59, 60). 
Given that sleep and circadian factors evolve with developmental age and are shaped by sex (102), lifestyle, environmental influences, and brain maturation (Figure 1), future research should integrate these variables to inform more personalised and effective therapeutic strategies for autistic children and those with ADHD. Despite growing interest, a striking gap remains in research exploring the mechanisms by which circadian biology influences neurodevelopment. This gap underscores the importance of comprehensive, multimodal approaches that assess sleep and circadian rhythms concurrently, thereby advancing mechanistic understanding and informing the development of targeted clinical interventions. 
The barriers and limitations of the present review are outlined in the supplemental information (page 5) and should be considered when interpreting these conclusions. Nonetheless, the synthesis presented here highlights key priorities for advancing the field and improving care for neurodivergent populations.
To date, most interventions targeting symptoms of SCRD have relied on pharmacological options, such as melatonin, while evidence for non-pharmacological approaches remains limited, as noted in recent evaluations  (103). There is a clear need to develop innovative, accessible, and scalable behavioural interventions that directly address SCRD in these populations (Figure 4).
Moving forward, person-centred, co-participatory research approaches will be essential. Incorporating the perspectives of autistic individuals, those with ADHD, or both, throughout all stages of research, including grant development, trial design, evaluation, and implementation, will help align studies with neurodiversity-informed frameworks (Table 1). Embedding lived experience can foster more inclusive and responsive intervention strategies, ensuring that sleep and circadian therapies support natural developmental processes, health, and well-being in these populations.

<< Table 1 >>
Search Strategy and Selection Criteria section
References for this review were identified through PubMed and Google Scholar searches using the terms “sleep,” “circadian,” “insomnia,” “randomised,” “autism,” and “ADHD.” This search yielded fewer than eight randomised controlled trials from the past decade, likely reflecting the limited integration of sleep and circadian factors at a mechanistic level, as well as the scarcity of studies examining both pharmacological and non-pharmacological therapies in autism and ADHD. To address this gap, we present a comprehensive review that synthesises current knowledge on the sleep-circadian landscape in autism and ADHD. Only studies published in English were considered. The final reference list was curated based on originality and relevance to the broad scope of this review.
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