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Accumulating evidence indicates that circadian rhythm dysfunction is a clinically significant and highly prevalent phenotype in a substantial subgroup of individuals with Attention-Deficit/Hyperactivity Disorder (ADHD). This perspective synthesizes convergent lines of evidence demonstrating strong associations between ADHD and evening chronotype with phase-delayed biological markers. Sleep disturbances are profound: insomnia and sleep disturbances affect up to 80% of adults with ADHD and similarly up to 82% of children with ADHD, delayed sleep-wake timing occurs in up to 78%, and dim-light melatonin onset (DLMO) is delayed by approximately 45 minutes in children and 90 minutes in adults. These alterations coincide with blunted and delayed cortisol rhythms, reduced pineal volume, and attenuated peripheral clock-gene rhythms (BMAL1/PER2). Intervention studies demonstrate that the circadian phase can be successfully advanced in ADHD populations. Melatonin and bright light therapy has advanced DLMO in both children and adults with ADHD. Emerging data correlate phase advancement with ADHD symptom improvement, and winter trials suggest circadian preference shifts best predict symptom improvement. Sleep programs improve ADHD symptoms, sleep quality, and functioning in children. Exercise and multimodal protocols for evening chronotypes successfully advance circadian timing in non-ADHD populations and warrant investigation in ADHD. Based on this evidence, we propose a pragmatic, behavioral-first clinical pathway: routine screening for sleep/circadian disturbances; phenotypic characterization through chronotype assessment, sleep tracking, and DLMO when feasible; implementation of fixed wake times, morning bright light exposure, evening light restriction with screen hygiene, and regularized zeitgebers; and selective low-dose melatonin for confirmed or probable DLMO delays.
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Introduction

Attention-Deficit/Hyperactivity Disorder (ADHD) is a common neurodevelopmental disorder characterized by impaired levels of inattention, hyperactivity, and impulsivity (1). There is a growing body of research identifying that ADHD has a significant sleep and circadian component (2, 3). Insomnia is present in up to 80% of adults with ADHD and similarly high rates (up to 82%) of children with ADHD (4, 5). Converging evidence indicates that circadian rhythm disruption represents a highly prevalent and clinically important phenotype that interacts with ADHD symptoms in complex, bidirectional ways in a substantial proportion (though not all) of individuals. In parallel, clinical trials have begun targeting the circadian system and have demonstrated that phase shifting the internal clock of people with ADHD can improve symptoms.

Herein, we propose the adoption of behavioral circadian interventions as adjuncts in ADHD care. This circadian-informed approach is a pragmatic, scalable, and generally low risk. We invite rigorously future well-designed, stratified trials to quantify effects on core ADHD outcomes, define responder phenotypes, and optimize circadian-focused protocols.





Sleep disturbances, evening chronotype and delayed circadian phase in ADHD

An estimated 73-78% of children and adults with ADHD have a delayed sleep/wake cycle (6). These findings persist even in the absence of comorbid mental health conditions, with multiple independent studies confirming elevated rates of self-reported sleep problems in adults with ADHD (7). These subjective reports are corroborated by objective sleep studies, which demonstrate that sleep onset latency and sleep efficiency problems remain significantly associated with ADHD even after controlling for anxiety and depression (8).

A comprehensive systematic review found robust evidence for evening chronotype predominance in ADHD (2). Approximately three-quarters of adults who developed ADHD in childhood show objective evidence of phase-delayed circadian rhythms. Biological markers such as dim-light melatonin onset in saliva, core body temperature rhythms, and actigraphically-recorded sleep patterns are typically shifted later by roughly 90 minutes compared to neurotypical adults (9).





Biological circadian markers and mechanisms in ADHD




Melatonin

Phase delays of melatonin in both individuals with ADHD have been well characterized, with children and adults identified to have a delayed onset of about 45 minutes and 90 minutes, respectively (10). Beyond the phase delay of melatonin onset in ADHD, there is evidence that the amount and pattern of melatonin production may differ (Figure 1). Some studies have observed abnormally high levels of melatonin during the day in children with ADHD, which improves with methylphenidate treatment (6). This ability to suppress daytime melatonin levels and shift the melatonin rhythm earlier suggests a complex interplay between ADHD medications and circadian systems. Individuals with ADHD have also been found to have smaller pineal gland (which produces and secretes melatonin) volume compared to healthy controls, with a positive correlation between pineal gland volume and eveningness (11).
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Figure 1 | Circadian hormone profiles (melatonin and cortisol) in ADHD. Conceptual 24-h curves (dashed = ADHD; solid = neurotypical controls) illustrate a later dim-light melatonin onset (DLMO), reduced nocturnal melatonin amplitude, and occasionally higher daytime melatonin levels, alongside a later and flatter morning cortisol rise/peak in ADHD. Curves are conceptual (not to scale), and individual findings vary by age, comorbidity, and light exposure. This figure was created with BioRender.com.





Cortisol

ADHD also involves blunted and delayed cortisol rhythms (Figure 1) (12, 13). In an analysis of adults with ADHD compared to age- and sex-matched controls, adults with ADHD had significantly disturbed rhythmicity of not only melatonin but cortisol (12). A meta-analysis also identified that children with ADHD exhibit lower basal cortisol levels, particularly in the morning, compared to controls (13). This suggests a deficit in the suprachiasmatic nucleus’ ability to entrain a normal circadian rhythm with alterations in the circadian rhythm expanding past melatonin. However, the causation of this is still unclear, as it has been postulated that more eveningness and thus light exposure could also be driving these findings.





Clock gene expression

Brain and Muscle ARNT-like 1 (BMAL1) and Period circadian protein homolog 2 (PER2) are core components of the circadian clock in humans, which form a feedback loop to control gene expression in a cyclical manner. Downstream, attenuated BMAL1/PER2 rhythms in oral mucosa indicate weaker or desynchronized peripheral clocks, and symptom severity tracks with reduced PER2 rhythmicity, tying molecular clock strength to the clinical phenotype (12). Together, these data support a model in which individuals with ADHD consistently experience shifted endocrine signals (melatonin/cortisol) coupled with molecular disruptions via the loss of the rhythmic expression of clock genes.






Clinical interventions: chronotherapy in ADHD




Melatonin supplementation

In a randomized trial of adults with ADHD, 0.5 mg per night of melatonin advanced DLMO by 88 minutes with 14% reduction in ADHD symptoms (14). In a randomized, placebo-controlled trial of 101 medication-free children with ADHD and chronic sleep-onset insomnia, 3–6 mg melatonin nightly for 4 weeks advanced DLMO by 44 minutes, while the control group had a delay of 13 minutes. Total sleep time also significantly improved by 20 minutes with melatonin, versus a loss of 14 minutes in the control group. However, within this 4 week period, there was no identified changes in cognitive performance or problem behavior (15). In a long-term follow up study of this cohort, 65% of participants continued daily melatonin; discontinuation resulted in a phase delay of sleep in 92% of children (16). Positive improvements in behavior (71%) and mood (61%) were reported. Altogether, these findings suggest melatonin effectively advances circadian phase in ADHD; however, further trials are needed to define optimal dose and timing relative to DLMO, the duration required for sleep/phase gains to translate into core symptom improvement, and responder phenotypes.





Bright light therapy

Studies in healthy populations have demonstrated a powerful ability to phase advance DLMO using bright light exposure. A week of natural light-dark cycle was able to entrain a ~2.6h earlier DLMO in healthy adults (17). Emerging research indicates that morning bright light can help stabilize sleep and circadian rhythms in ADHD (14, 18, 19). Adding bright light therapy to melatonin yielded the largest phase advance (~2 hours) in adults with ADHD and delayed sleep phase (14). In another pilot trial, 2 weeks of morning bright light therapy with a 10,000 lux lamp phase advanced DLMO by 31 minutes and mid-sleep time by 57 minutes in adults with ADHD. There was a significant interaction between ADHD-Rating Scales and Hyperactive-Impulsive sub-scores with phase advances in DLMO and mid-sleep time (18).

A 3-week intervention examined the role of bright light therapy in adults with ADHD during the fall/winter period (19). Phase advance in circadian preference emerged as the strongest independent predictor of improvement across subjective and objective ADHD indices. These findings, especially in the winter period, are especially relevant as there is a strong relationship between ADHD symptoms and symptoms of seasonal depression (20). One analysis suggested that circadian disturbance significantly mediated the relationship between ADHD and seasonal symptoms of depression (20). In clinical populations, the overall rate of seasonal affective disorder is 27% among adults with ADHD, with females at the highest risk (21). While more trials are required, bright light therapy may be even more efficacious for individuals with ADHD during winter months (20).





Behavioral interventions

In a randomized trial of 244 children with ADHD, a behavioral sleep intervention (two fortnightly sessions with strategies provided by psychologists or pediatricians and a follow-up telephone call) significantly improved severity of ADHD symptoms, sleep, quality of life, behavior, and functioning at 6 months post intervention (22).

Although not explicitly examined in individuals with ADHD, exercise is another adjunctive tool to help improve circadian misalignment. Both morning or evening exercise seem to advance DLMO in those with later chronotypes, suggesting exercise at any time of day could be a useful adjunct for those with ADHD who tend to have later chronotypes (23, 24).

A multimodal approach to behavioral therapy has demonstrated significant benefits in a group of “night owls”, which may also translate to those with ADHD. Researchers randomized a group of 22 healthy individuals with late chronotypes to behavioral interventions aimed at advancing their circadian rhythm (25). The general principles were to wake up 2–3 hours earlier, wake up at the same time every day, maximize morning light exposure, reduce evening light exposure, avoid late dinners, avoid caffeine after 15:00, exercise in the morning, and avoid naps in the late afternoon. In just 3 weeks, the intervention group shifted their DLMO by ~2 hours, wake-up time advanced 1.9 hours, and peak cortisol advanced by 2.2 hours. Additionally, subjective depression scores decreased by ~58% and stress scores by ~40% in the intervention group. Cognitive performance and physical performance also improved. Overall, this could be an effective, low-cost strategy to provide structured guidance to those with ADHD, though specific trials in this population are needed.






Conclusion

The accumulated evidence demonstrates that circadian rhythm dysfunction is highly prevalent and clinically meaningful in a substantial proportion of individuals with ADHD, although not universal, and its interaction with ADHD symptoms appears complex and bidirectional. The prevalence of circadian alterations (affecting 73-80% of ADHD patients), consistency of biological markers across studies (phase delays, altered melatonin and cortisol rhythms, disrupted clock gene expression), and efficacy of circadian-targeted interventions in improving both sleep and core ADHD symptoms support a model wherein circadian disruption may play an important role in ADHD pathophysiology in a substantial subgroup, though evidence on remission of ADHD with circadian interventions is lacking.

This evidence warrants reconsideration of current assessment and treatment paradigms. Implementation of routine circadian phenotyping in ADHD evaluation, coupled with evidence-based chronotherapeutic interventions, represents a pragmatic approach to improving outcomes. While not proposing that ADHD be reclassified exclusively as a circadian disorder, the evidence supports recognition of a prevalent circadian phenotype that, when present, may benefit from targeted chronotherapeutic intervention alongside standard ADHD treatments.

The safety profile, accessibility, and potential for synergy with existing treatments make circadian interventions an attractive addition to the ADHD treatment. As the field advances toward precision medicine approaches, circadian phenotyping may prove essential for treatment selection and optimization. Further research is needed to fully elucidate the bidirectional relationships between circadian disruption and ADHD symptoms, identify biomarkers for treatment selection, and establish optimal long-term management strategies.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

BL: Conceptualization, Writing – original draft, Supervision, Investigation, Methodology, Project administration, Writing – review & editing, Resources. NF: Writing – review & editing, Writing – original draft.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Wolraich ML, Hagan JF Jr, Allan C, Chan E, Davison D, Earls M, et al. Clinical practice guideline for the diagnosis, evaluation, and treatment of attention-deficit/hyperactivity disorder in children and adolescents. Pediatrics. (2019) 144. doi: 10.1542/peds.2019-2528


	 Andrew N, Coogan AN, McGowan NM, McGowan NM. A systematic review of circadian function, chronotype and chronotherapy in attention deficit hyperactivity disorder. Adhd Attention Deficit Hyperactivity Disord. (2017) 9:129–47. doi: 10.1007/s12402-016-0214-5. Coogan


	 Korman M, Palm D, Uzoni A, Faltraco F, Tucha O, Thome J, et al. ADHD 24/7: Circadian clock genes, chronotherapy and sleep/wake cycle insufficiencies in ADHD. World J Biol Psychiatry. (2020) 21:156–71. doi: 10.1080/15622975.2018.1523565


	 Wynchank D, Bijlenga D, Beekman AT, Kooij JJS, Penninx BW. Adult attention-deficit/hyperactivity disorder (ADHD) and insomnia: an update of the literature. Curr Psychiatry Rep. (2017) 19:98. doi: 10.1007/s11920-017-0860-0


	 Bondopandhyay U, McGrath J, Coogan AN. Associations between sleep problems in children with ADHD and parental insomnia and ADHD symptoms. PloS One. (2024) 19:e0298377. doi: 10.1371/journal.pone.0298377


	 Wajszilber D, Santiseban JA, Gruber R. Sleep disorders in patients with ADHD: impact and management challenges. Nat Sci Sleep. (2018) 10:453–80. doi: 10.2147/nss.s163074


	 Surman CBH, Daniel M, Walsh DM. Managing sleep in adults with ADHD: from science to pragmatic approaches. Brain Sci. (2021) 11:1361. doi: 10.3390/brainsci11101361


	 Boonstra AM, Kooij JJS, Oosterlaan J, Sergeant JA, Buitelaar JK, Van Someren EJW., et al. Hyperactive night and day? Actigraphy studies in adult ADHD: a baseline comparison and the effect of methylphenidate. Sleep. (2007) 30:433–42. doi: 10.1093/sleep/30.4.433


	 Lunsford-Avery JR, Scott H, Kollins SH. Editorial Perspective: Delayed circadian rhythm phase: a cause of late-onset attention-deficit/hyperactivity disorder among adolescents? J Child Psychol Psychiatry. (2018) 59:1248–51. doi: 10.1111/jcpp.12956


	 Van Veen MM, Kooij JJS, Boonstra AM, Gordijn MCM, Van Someren EJW. Delayed circadian rhythm in adults with attention-deficit/hyperactivity disorder and chronic sleep-onset insomnia. Biol Psychiatry. (2010) 67:1091–6. doi: 10.1016/j.biopsych.2009.12.032


	 Bumb JM, Mier D, Noelte I, Schredl M, Kirsch P, Hennig O, et al. Associations of pineal volume, chronotype and symptom severity in adults with attention deficit hyperactivity disorder and healthy controls. Eur Neuropsychopharmacol. (2016) 26:1119–26. doi: 10.1016/j.euroneuro.2016.03.016


	 Baird AL, Coogan AN, Siddiqui A, Donev RM, Thome J. Adult attention-deficit hyperactivity disorder is associated with alterations in circadian rhythms at the behavioural, endocrine and molecular levels. Mol Psychiatry. (2012) 17:988–95. doi: 10.1038/mp.2011.149


	 Chang JP, Su KP, Mondelli V, Pariante CM. Cortisol and inflammatory biomarker levels in youths with attention deficit hyperactivity disorder (ADHD): evidence from a systematic review with meta-analysis. Trans Psychiatry. (2021) 11:430–0. doi: 10.1038/s41398-021-01550-0


	 van Andel E, Bijlenga D, Vogel SWN, Beekman ATF, Kooij JJS. Effects of chronotherapy on circadian rhythm and ADHD symptoms in adults with attention-deficit/hyperactivity disorder and delayed sleep phase syndrome: a randomized clinical trial. Chronobiology Int. (2020) 38:260–9. doi: 10.1080/07420528.2020.1835943


	 van der Heijden KB, Smits MG, Van Someren EJW, Ridderinkhof KR, Gunning WB., et al. Effect of melatonin on sleep, behavior, and cognition in ADHD and chronic sleep-onset insomnia. . J Am Acad Child Adolesc Psychiatry. (2007) 46:233–41. doi: 10.1097/01.chi.0000246055.76167.0d


	 Hoebert M, van der Heijden KB, van Geijlswijk IM, Smits MG, et al. Long-term follow-up of melatonin treatment in children with ADHD and chronic sleep onset insomnia. J Pineal Res. (2009) 47:1–7. doi: 10.1111/j.1600-079x.2009.00681.x


	 Stothard ER, McHill AW, Depner CM, Birks BR, Moehlman TM, Ritchie HK, et al. Circadian entrainment to the natural light-dark cycle across seasons and the weekend. Curr Biol. (2017) 27:508–13. doi: 10.1016/j.cub.2016.12.041


	 Fargason RE, Fobian AD, Hablitz LM, Paul JR, White BA, Cropsey KL, et al. Correcting delayed circadian phase with bright light therapy predicts improvement in ADHD symptoms: A pilot study. J Psychiatr Res. (2017) 91:105–10. doi: 10.1016/j.jpsychires.2017.03.004


	 Rybak YE, McNeely HE, Mackenzie BE, Jain UR, Levitan RD, et al. An open trial of light therapy in adult attention-deficit/hyperactivity disorder. J Clin Psychiatry. (2006) 67:1527–35. doi: 10.4088/jcp.v67n1006


	 Wynchank DS, Bijlenga D, Lamers F, Bron TI, Winthorst WH, Vogel SW, et al. ADHD, circadian rhythms and seasonality. . J Psychiatr Res. (2016) 81:87–94. doi: 10.1016/j.jpsychires.2016.06.018


	 Amons PJT, Kooij JJS, Haffmans PMJ, Hoffman TO, Hoencamp E. Seasonality of mood disorders in adults with lifetime attention-deficit/hyperactivity disorder (ADHD). J Affect Disord. (2006) 91:251–5. doi: 10.1016/j.jad.2005.11.017


	 Hiscock H, Sciberras E, Mensah F, Gerner B, Efron D, Khano S, et al. Impact of a behavioural sleep intervention on symptoms and sleep in children with attention deficit hyperactivity disorder, and parental mental health: randomised controlled trial. BMJ. (2015) 350:h68–8. doi: 10.1136/bmj.h68


	 Thomas J. Circadian rhythm phase shifts caused by timed exercise vary with chronotype in young adults. In: Theses and dissertations–kinesiology and health promotion (2019) Lexington, Kentucky, USA: University of Kentucky. doi: 10.13023/etd.2019.406


	 Thomas JM, Kern PA, Bush HM, McQuerry KJ, Black WS, Clasey JL, et al. Circadian rhythm phase shifts caused by timed exercise vary with chronotype. JCI Insight. (2019) 5:e134270. doi: 10.1172/jci.insight.134270


	 Facer-Childs ER, Middleton B, Skene DJ, Bagshaw AP. Resetting the late timing of ‘night owls’ has a positive impact on mental health and performance. Sleep Med. (2019) 60:236–47. doi: 10.1016/j.sleep.2019.05.001







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Luu and Fabiano. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/cover.jpg
& frontiers | Frontiers in Psychiatry

ADHD as a circadian rhythm disorder:
evidence and implications for chronotherapy





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-16-1697900-g001.jpg
Suprachiasmatic nucleus

Melatonin
suppression

Superior
cervical
ganglion

A
\/ \J
@
P4
v

Melatonin

Daytime:
Higher melatonin

A
\/ \J
@
» 4
v

Cortisol

Daytime:
Lower cortisol

1 |
1 |
| I
1 |
1 i |
1 |
| I
I 1
v I
1 |
| I
1 Night: I
: Delayed and blunted :
, melatonin onset |
|
|
|
1
&4 ..;// I
’ 4 1
I'»._ < V.. |
by :
I nu,,“, .
s :'l,,,"" -~ e“"
| ’ll,, "l" - “\\s I
1 £ l,,'l, \\\\\ 1
1 nght ) LTI 1
1 Higher cortisol 1
' Blunted and delayed AM peak !





