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Sleep and circadian rhythm disturbances are highly prevalent in Huntington’s disease (HD) and increasingly well characterized through both subjective assessments—such as questionnaires—and objective techniques, including polysomnography and actigraphy. These disturbances encompass a broad range of features, including sleep fragmentation, altered sleep architecture, insomnia, and delayed circadian phase, often emerging years before motor onset. This review outlines the clinical relevance of sleep dysfunction in HD and its potential bidirectional relationship with neurodegeneration, highlighting mechanisms that may contribute to symptom progression and disease burden. Emerging evidence, primarily from preclinical HD models, suggests that dysregulated sleep–wake and circadian processes may accelerate underlying neuropathological changes. We describe the clinical presentation of sleep-related disturbances in HD, including abnormal nocturnal motor activity and insomnia, while also noting less frequent phenomena such as sleep-related breathing disturbances and REM sleep behavior disorder (RBD). In parallel, we summarize findings on circadian misalignment and its association with altered melatonin signaling, hypothalamic pathology, and disrupted gene expression rhythms. Sleep and circadian disturbances are further linked to cognitive impairment and reduced quality of life. Finally, the review outlines current therapeutic strategies—derived from studies in other neurodegenerative disorders, animal models, and the first randomized controlled trial conducted in HD—highlighting the need for targeted interventions. Altogether, the available evidence suggests that sleep and circadian dysfunctions are modifiable components of HD that warrant greater attention in both research and clinical practice.
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Introduction

Huntington’s disease (HD) is a progressive neurodegenerative disorder caused by an autosomal dominant inheritance of an expanded CAG repeat in exon 1 of the huntingtin (HTT) gene. This genetic mutation leads to toxic protein accumulation in neurons. It is characterized by a triad of motor, cognitive, and psychiatric symptoms, typically emerging between the ages of 35 and 50. The number of CAG repeats is inversely correlated with the age of symptom onset. Neurodegenerative changes primarily affect the basal ganglia, with atrophy reaching up to 70% of the volume of the caudate nucleus, globus pallidus, and putamen (1). However, they are not confined to these structures.

The significance of sleep disorders and circadian rhythm disturbances are often under-recognized features of HD. Emerging evidence suggests that these abnormalities may not only accompany the disease but also precede the clinical onset of symptoms, contributing to cognitive decline and psychiatric disturbances. While motor symptoms such as chorea typically diminish during sleep, disruptions in sleep architecture and regulation of the circadian rhythm extend beyond movement abnormalities, involving complex neurodegenerative processes.

This review aims to provide an overview of the current understanding of sleep and circadian rhythm disturbances in HD, explore the underlying neuropathological mechanisms, and discuss potential therapeutic strategies to improve sleep quality and overall disease management.


Sleep and neurodegeneration

Sleep disorders and circadian rhythm disturbances are not traditionally considered core symptoms of HD, but there is growing awareness of their role in the natural course of the disease. In other neurodegenerative disorders, particularly Alzheimer’s disease (AD) and Parkinson’s disease (PD), sleep-related symptoms have been widely recognized and have been firmly established as part of the clinical spectrum of these conditions (2, 3).

The relationship between sleep disturbances and neurodegenerative conditions remains incompletely understood. Researchers emphasize its potential bidirectional nature (4). On the one hand, progressive degenerative damage to structures involved in sleep and circadian rhythm regulation, such as the brainstem and hypothalamus, leads to sleep disturbances. This, in turn, significantly impairs the patient’s quality of life. On the other hand, sleep abnormalities and circadian disruptions may exacerbate the neurodegenerative process.

In healthy individuals, even short-term sleep deprivation, such as shift work or jet lag, leads to transient cognitive impairments, including reduced attention, memory deficits, and diminished executive function. It also contributes to greater emotional instability, impulsivity, and increased aggression (5–7). Given the severe neurological burden in conditions like HD, the negative impact of sleep disturbances is likely to be even more pronounced. Evidence from animal studies suggests a direct link between sleep disturbances and neurodegeneration. First, sleep disruption promotes central nervous system neuroinflammation (8). Second, it impairs synaptic modulation, particularly in the hippocampus, a structure critical for memory consolidation (9).

Another proposed mechanism of neurodegeneration involves dysfunction of the glymphatic system. This system, composed of perivascular spaces and astrocytes expressing aquaporin-4, is responsible for clearing toxic proteins from the brain’s interstitial space, including beta-amyloid and tau protein (10–12). Its activity is regulated by sleep and the circadian rhythm. Disruptions in sleep, particularly in slow-wave sleep (SWS) when glymphatic clearance is most active, may contribute to neurodegeneration by promoting the accumulation of pathological proteins (13).



Clinical presentation of sleep disturbances in HD

Although sleep disturbances are not considered main symptoms of HD, they are often overlooked during the diagnostic process. Patients rarely report such issues, which may result from a lack of insight into their condition and the tendency to downplay their significance. However, when asked directly, as many as 88% of symptomatic HD patients acknowledge experiencing subjective sleep difficulties (14).

Studies using the Pittsburgh Sleep Quality Index (PSQI) have indicated a higher prevalence of sleep disturbances in HD patients compared to healthy controls (58.1% vs. 34.9%) (15). Additionally, a questionnaire designed for this population by researchers at the University of Cambridge revealed that 60% of HD patients consider sleep problems a significant aspect of their health status (16).

Recent large-scale data from the Huntington’s Disease Burden of Illness (HDBOI) study (17) further emphasize the clinical relevance of these symptoms. Among 2,094 individuals with manifest HD, 482 provided answers to sleep-related items. An overwhelming 91% of respondents reported experiencing sleep problems. The prevalence of these disturbances increased significantly with disease progression, exhibiting a statistically significant trend across early, mid, and advanced clinical stages (p < 0.05). Although stage-specific percentages were not disclosed, these findings are consistent with prior reports indicating that sleep dysfunction tends to worsen as the disease advances (4, 18).

Despite the high prevalence of self-reported sleep problems in HD, subjective assessments show poor correlation with polysomnographic findings. This discrepancy encompasses both over- and under-estimation of various sleep parameters (19).



Objective assessment of sleep disturbances in HD

Studies employing objective methods, allowing for definitive confirmation of sleep pathology through polysomnography (PSG) recordings, indicate that sleep disturbances emerge as early as the pre-symptomatic stage in carriers of the HD-related mutation (20, 21).

The electrophysiological pattern of sleep, characterized by brain activity recorded via electroencephalography (EEG), identifies two main phases: non-rapid eye movement (NREM) sleep and rapid eye movement (REM) sleep. During NREM sleep, sleep progressively deepens, and is divided into stages N1 and N2 (referred to as “light sleep”) and stages N3 and N4 (known as “deep sleep” or “slow-wave sleep”). The complete transition through all NREM stages takes approximately 60–90 min, followed by the REM phase. Initially lasting around 10 min, REM sleep precedes the return to NREM sleep, forming a cycle that repeats four to five times per night in healthy individuals (22). The NREM phase is longer and more profound in the early hours of sleep. As the night progresses, its intensity gradually decreases, while REM sleep occupies an increasing proportion of subsequent cycles (23). Distinct but interconnected brain centers regulate both sleep and wakefulness. Key structures involved in this process include the hypothalamus, thalamus, and tegmentum, as well as the orexin system, which facilitates dynamic transitions between sleep and wakefulness (24).

PSG provides a detailed analysis of sleep phases. It is a comprehensive diagnostic method that integrates simultaneous EEG, electromyography (EMG), and electrooculography recordings, offering precise insights into sleep architecture.

Polysomnographic studies in patients with HD indicate considerable variability in reported sleep structure abnormalities. To date, no pathognomonic sleep pattern for HD has been identified and consistently confirmed across studies. These discrepancies may stem from several factors, including the absence of genetic diagnostics in earlier research (the IT15/HTT gene was identified in 1993), differences in disease stages among participants, the influence of medications, and variations in study protocols (21, 25–28).

In 2019, a meta-analysis included seven polysomnographic studies with appropriately matched control groups. In three of these studies, polysomnographic recordings were performed over two nights, with data analysis limited to the second night. In the remaining four studies, recordings were restricted to a single night, omitting the so-called adaptation night. A total of 152 patients with genetically confirmed HD and 144 individuals from the control group were evaluated. In the HD group, characteristic patterns of sleep architecture disturbances were observed, including reduced sleep efficiency, increased time spent in light sleep (N1), and a shortened SWS and REM sleep duration. Additionally, significant sleep fragmentation was noted, reflected by prolonged wake after sleep onset (WASO) and increased REM sleep latency. These two parameters and the reduced duration of deep sleep significantly correlated with patient age in the HD group (29).

Subsequent video-PSG study analyzed data from 23 HD patients and 13 controls. The findings were consistent with previous research and were statistically confirmed. HD patients exhibited reduced sleep efficiency, increased WASO, and shortened durations of REM sleep. An interesting observation was the significantly higher number of transitions between sleep stages in the HD group compared to the control group (30).

Studies conducted in pre-symptomatic and early-manifest HD patients suggest that sleep disturbances may precede the clinical onset of the disease by many years and worsen as the disease progresses (21, 26). In this patient group, two particularly notable features were REM sleep shortening and significant sleep fragmentation (20, 31).

A recent 12-year longitudinal study by Voysey et al. provided the first prospective, polysomnography-based characterization of sleep abnormalities in Huntington’s disease. HD gene carriers in premanifest and early manifest stages underwent repeated in-laboratory polysomnographic assessments at defined intervals, supplemented by long-term actigraphy.

Two principal abnormalities were identified: sleep stage instability, reflected by frequent transitions between sleep stages, and sleep maintenance insomnia, characterized by WASO. Sleep stage instability emerged early in the disease trajectory and progressed gradually, whereas sleep maintenance insomnia became more pronounced closer to clinical onset (phenoconversion). Notably, baseline measurements of sleep stage instability predicted phenoconversion within the 12-year follow-up period (AUC = 0.81), underscoring its potential value as an early biomarker. Elevated WASO also correlated with increased serum neurofilament light chain (NfL) levels, a marker of neurodegeneration (32).

The disrupted sleep architecture patterns and their progression with disease advancement are features shared by HD and other neurodegenerative disorders, particularly AD and PD (33). This may serve as further evidence of a significant relationship between sleep disturbances and neurodegeneration.



HD and periodic limb movement disorder

From a clinical perspective, two main types of nocturnal sleep disturbances have been identified in HD patients. The first is abnormal motor activity during sleep, though its characteristics remain unclear. In individual studies, such movements have been reported as chorea or repetitive ballistic movements (34), which is noteworthy, as these findings contradict classical reports suggesting that chorea tends to diminish during sleep and, in some cases, may even disappear entirely (35). Moreover, several investigations have identified periodic limb movement disorder (PLMD), characterized by repetitive, stereotyped movements predominantly involving the lower extremities (21, 36).

A video-PSG study involving 30 HD patients found PLMs in all participants. These movements were present across all sleep stages, although their intensity was lower during REM sleep. In some cases, upper limb involvement was also observed (25).

However, these findings contradict another video-PSG study involving 29 HD patients. In this study, significant motor agitation during sleep was observed. These movements included position changes, pulling on pillows or sheets (with noticeably greater clumsiness than in the control group), aggressive kicking, extensor posturing resembling opisthotonus, bruxism, and vocalizations. These disturbances occurred during physiological arousal during the transition between NREM and REM sleep. However, they lacked regularity, ruling out their PLM classification (28).

Building on these earlier observations, a 2025 study aimed to clarify whether abnormal nocturnal movements in early HD occur during sleep itself or arise following brief awakenings. By linking long-term actigraphy data with later PSG findings, the authors demonstrated that elevated nocturnal motor activity was associated with increased wakefulness rather than movements within sleep, indicating these motor activities predominantly occur during periods of nocturnal wakefulness (32).



HD and REM sleep behavior disorder

Given the increased number of arousals and prolonged duration of light sleep—both promoting heightened motor activity compared to deep sleep—it can be assumed that abnormal motor activity may persist significantly throughout the night, particularly in the advanced stages of the disease.

Unlike other neurodegenerative diseases, such as PD, dementia with Lewy bodies (LBD), and multiple system atrophy (MSA), HD is not primarily driven by dopaminergic dysfunction. As a result, REM sleep-related motor disturbances are not a characteristic feature of its clinical presentation. Based on clinical interviews, 23% of patients and their caregivers report symptoms suggestive of REM sleep behavior disorder (RBD) (37). Nevertheless, polysomnographic assessments have confirmed the presence of RBDs in only 12% of HD patients (19). Moreover, another study utilizing PSG did not identify any cases of RBD (25).



HD and insomnia

Another sleep disorder observed in HD patients is insomnia, identified in up to two-thirds of individuals when formal clinical criteria are applied—namely, difficulty initiating or maintaining sleep, accompanied by daytime consequences, occurring at least four nights per week for a minimum duration of three months (21). Questionnaire-based studies comparing HD patients to matched controls have demonstrated significantly delayed sleep onset, longer total sleep duration, greater use of hypnotic agents, and increased daytime dysfunction among affected individuals (15). Despite preserved total sleep time, sleep in HD is markedly less consolidated, with increased fragmentation and frequent nocturnal awakenings. As discussed earlier, sleep maintenance insomnia—defined as difficulty staying asleep—emerges as a salient feature near the transition from premanifest to manifest HD. Its severity correlates strongly with impairments in attention, executive functioning, and psychomotor speed, independent of disease stage and other confounding factors. These findings support the interpretation of sleep maintenance insomnia not only as a clinically meaningful symptom but also as a promising therapeutic target for improving quality of life and potentially modifying disease progression in HD (32).

Findings regarding excessive daytime sleepiness remain inconclusive. Some studies suggest no significant difference compared to control groups (15, 21, 38), while others indicate its presence in up to 30% of patients (39). These discrepancies may be due to the influence of coexisting depressive disorders, which have a statistically significant correlation with excessive daytime sleepiness (37).



HD and obstructive sleep apnea

It is worth noting that, unlike other neurodegenerative disorders, sleep-related breathing disturbances are not typically observed in HD patients. Although minor alterations in respiratory patterns have been reported in some studies, their clinical relevance remains unclear (21, 40, 41). Notably, a 2024 meta-analysis demonstrated that individuals with Huntington’s disease dementia exhibit a markedly lower prevalence of sleep-related breathing disorders (16%) compared to those with Alzheimer’s disease dementia (89%) or Parkinson’s disease–related dementia (56%), indicating that such disorders are four to six times less common in HD than in other dementias (42). Overall, the available data suggest that OSA is not a prominent feature of sleep pathology in HD.



Circadian rhythm disorders in HD

A study assessing 84 carriers of the mutant HD gene used detailed interviews and sleep assessment scales to evaluate sleep patterns. The results showed a significantly higher prevalence of delayed sleep onset and later wake times in HD carriers compared to a control group. These findings indicate the presence of a delay in the sleep phases of HD patients (15). This phenomenon has been linked to a delayed evening peak in melatonin secretion by the pineal gland, observed in individuals with early-stage HD (43).

In a study of 27 patients with the HD mutation and a control group, 24-h serum melatonin level monitoring was performed with measurements taken at hourly intervals. While a clear phase shift in melatonin secretion was not confirmed, findings indicated a reduction in average melatonin levels, decreased peak phase (acrophase) values, and diminished secretion amplitude. As the disease progressed, melatonin levels continued to decline. In patients at stage II/III, lower concentrations and reduced pulsatility of melatonin secretion were observed compared to the control group. Additionally, individuals in the pre-symptomatic phase of HD exhibited decreased melatonin levels, although this difference did not reach statistical significance (44). The Actiwatch-Neurologica system was used to assess locomotor activity, indicating circadian rhythm disturbances, reflected in an abnormal day-to-night activity ratio. However, these findings did not provide conclusive evidence of a sleep phase shift (45).

Actigraphy is a motion-based monitoring method that utilizes a wrist-worn device, allowing continuous recording of activity over extended periods. While there is considerable discrepancy between actigraphy and EEG in detecting nocturnal wakefulness—reflecting its limited precision in assessing detailed sleep architecture (46)—it remains a valuable and objective tool for evaluating overall 24-h activity patterns across different stages of HD.

In pre-HD, greater sleep fragmentation was observed in participants estimated to be within 15 years of clinical diagnosis compared with both healthy controls and those more distant from onset, despite comparable sleep efficiency. Intra-daily variability, reflecting day–night activity transitions, was lower, indicating preserved overall rest–activity rhythms. These findings suggest that sleep fragmentation represents an early and distinct feature of premanifest HD (47).

In a recent study involving 20 patients with early-mid manifest HD and matched healthy controls, seven-day continuous actigraphic monitoring revealed specific temporal peaks of motor activity. These occurred between 2:15 a.m. and 4:00 a.m.—a period typically dominated by deep NREM (N3) sleep in healthy individuals—as well as around bedtime (approximately 40 min before to 120 min after sleep onset) and around awakening (20 min before to 50 min after get-up time). This distinct temporal activity pattern appears to reflect a disease-specific disturbance in circadian and may serve as a potential actigraphic biomarker of circadian dysregulation; however, more data from PSG studies and biochemical measures are required. If confirmed, such an approach could provide a practical, accessible, and patient-friendly tool for assessing sleep–wake disturbances in both clinical and research contexts (38).

The phenotypical assessment of circadian rhythm disturbances in HD remains particularly challenging due to the difficulty in distinguishing true circadian dysregulation from secondary sleep abnormalities. For instance, delayed sleep onset in HD patients may not necessarily reflect a genuine phase delay, but rather sleep initiation insomnia—difficulty falling asleep despite expected biological timing. Conversely, prolonged morning sleep may arise from compensatory rest following fragmented or nonrestorative sleep, making it difficult to separate the two processes.

Additional insights into circadian rhythm disturbances in HD come from studies on animal models. In transgenic R6/2 mice, a progressive increase in daytime activity and a reduction in nighttime activity were observed. These changes worsened as the disease advanced, leading to a complete disruption of the circadian rhythm (48).

In all mammals, the SCN, located in the anterior hypothalamus, serves as the master regulator of circadian rhythms. Studies on animal models with HD have demonstrated pathological alterations in the neuronal activity rhythms of this region (48, 49). Additionally, biochemical disturbances have been identified, including reduced vasopressin secretion and vasoactive intestinal peptide levels within the SCN (50).

The activity of the central biological clock and peripheral “clocks” in non-neuronal tissues, as well as the circadian rhythm of each nucleated cell, depends on the expression of so-called “clock genes.” A transcription-translation feedback loop mechanism regulates their cyclic activation.

Core clock genes, such as Period (PER) and Cryptochrome (CRY), are activated at the beginning of the circadian cycle by CLOCK/BMAL protein heterodimers. PER and CRY protein complexes gradually accumulate in the cell nucleus, inhibiting CLOCK/BMAL activity and closing the feedback loop. During the night, PER/CRY complexes undergo degradation, allowing the next cycle to begin. This process takes approximately 24 h, generating the circadian rhythm (24, 51, 52).

The activity of the SCN is regulated by external time cues, known as Zeitgebers (German for “time givers”), including light and physical activity. Its primary function is to coordinate the synchronization of peripheral biological clocks with each other and the solar cycle. This process occurs through neuronal pathways, such as the autonomic nervous system and humoral mechanisms, in which melatonin and cortisol play key roles (52).

Studies on animal models with HD have unequivocally confirmed abnormal expression of clock genes (45, 48). Interestingly, experiments using isolated SCN cells from transgenic R6/2 mice exhibited severe circadian rhythm disturbances but revealed that clock gene expression remained intact under in vitro conditions. Furthermore, the cyclic activity of these genes was preserved, suggesting that the observed disruptions in circadian rhythms may result from impaired regulatory mechanisms rather than intrinsic defects in clock gene function. Notably, interventions such as alprazolam administration (53) or a regular feeding schedule (54) improved circadian rhythms in these animals.

These findings suggest that HTT’s direct impact on the cellular circadian clock is limited. The observed disruptions in clock gene expression, which contribute to circadian rhythm abnormalities, may instead result from hormonal factors (e.g., melatonin and cortisol levels) or behavioral influences (4).

Studies on transgenic sheep carrying the HD mutation (OVT73) further support the significance of external factors. As these animals aged, they exhibited progressively worsening circadian rhythm disturbances, mirroring clinical observations in humans. These abnormalities were most pronounced in groups composed solely of HD-mutant sheep. Interestingly, sheep housed in mixed herds, where healthy individuals were also present, displayed less severe circadian disruptions. This suggests that social interactions may help mitigate specific behavioral symptoms associated with HD (55).

Hypothalamic neurodegeneration in HD affects orexinergic neurons in the lateral hypothalamus (56, 57). Orexins, which physiologically stabilize wakefulness, are crucial in regulating the sleep–wake cycle. However, studies of cerebrospinal fluid (CSF) in HD patients have not revealed alterations in orexin levels (58). Magnetic resonance imaging (MRI) has shown a weak correlation between hypothalamic degeneration and clinically observed disturbances in sleep and circadian rhythms (59).

The neurodegenerative process in HD also affects other brain regions that may directly or indirectly influence sleep and circadian rhythm. Brainstem atrophy, which houses a key structure responsible for regulating transitions between NREM and REM sleep, has been well documented (60). Additionally, the atrophy of noradrenergic neurons in the locus coeruleus, which play a crucial role in the transition between wakefulness and sleep, is a characteristic feature of the progressive neurodegeneration observed in HD (61). Moreover, widespread cortical damage in HD contributes to SWS disturbances, as this relies on the precise synchronization of oscillatory neuronal activity throughout the brain (4). Such changes may represent a key mechanism underlying sleep architecture abnormalities in HD patients. The striatum, the primary site of neurodegeneration in HD, does not initially play a significant role in sleep regulation. However, it may contribute to sleep disturbances, primarily by generating excessive and abnormal motor activity. This mechanism is linked to disruptions in cortico-striatal interactions (4, 62, 63).



Neuropsychiatric correlates of sleep disturbance in HD

Proper sleep is crucial for maintaining the body’s homeostasis, although its significance has yet to be fully elucidated. In healthy individuals, sleep deprivation leads to cognitive impairment, increased irritability, and impulsivity, and it may also contribute to the development of depressive disorders (64, 65). Additionally, reduced deep sleep duration has been linked to a diminished ability to form and consolidate memory traces (66). Given the well-documented negative impact of sleep disturbances on the quality of life in healthy individuals, their consequences are likely even more pronounced in patients with HD. Cognitive impairment and neuropsychiatric symptoms are central to the clinical presentation of HD, emphasizing the vital role that sleep disturbances may play in disease progression.

Studies in transgenic mouse models of HD demonstrate progressive cognitive decline closely associated with worsening sleep and circadian rhythm disturbances. Irrespective of the underlying mechanisms—whether involving aberrant input to the SCN (53), orexinergic hyperactivity (67), or reduced histaminergic and monoaminergic transmission (68)—experimental interventions that stabilized sleep and circadian patterns have consistently been associated with improved cognitive outcomes. However, findings from human studies assessing the relationship between sleep quality and cognitive function in HD mutation carriers remain inconclusive. One key challenge in interpreting these results is the variability in the methods used to evaluate sleep quality.

A 2010 study involving 84 HD mutation carriers and a control group employed a battery of sleep assessment scales. No significant differences were found between groups concerning cognitive test performance, as measured by the Unified Huntington’s Disease Rating Scale (UHDRS) cognitive subscale. However, a correlation was noted between delayed wake time and poorer cognitive test scores (15).

In a 2018 study conducted by a team of Spanish researchers, significant inverse correlations gvwere identified among a group of 38 HD mutation carriers involving sleep quality scores on the PSQI and cognitive performance on tests such as the Symbol Digit Modality Test (SDMT) (39).

Studies based solely on subjective measures, however, are not sufficiently reliable. A recent cross-sectional study compared pre-HD carriers, stratified by estimated years to diagnosis, with 42 healthy controls. It used 14-day actigraphy, sleep diaries, standardized questionnaires, and a remote cognitive battery that assessed multiple domains. The study found that higher sleep fragmentation and reduced intra-daily variability were significantly associated with poorer performance in executive function, memory, and visuospatial abilities (31). The authors emphasized that it remains unclear whether the observed sleep disturbances contribute to cognitive decline or merely reflect underlying neurodegeneration. A lack of neuroimaging data is a notable limitation in interpreting these associations.

The longitudinal study published in 2025 by Voysey et al. using polysomnography demonstrated that deficits in attention, psychomotor speed, and executive function are closely linked to sleep maintenance insomnia in individuals with HD. The data indicate that sleep continuity may have a greater impact on cognitive performance than other factors, like total sleep time. Moreover, greater insomnia severity correlated with elevated levels of NfL, a biomarker of neurodegeneration, independent of disease stage, medication use, and depressive symptoms. It is important to note that this study, like previous research, does not establish a causal relationship between sleep disturbances, cognitive decline and neurodegeneration. Its observational design hinders definitive conclusions regarding directionality. In addition, potential confounding factors—such as medication use and depressive symptoms—may influence both sleep and cognitive outcomes despite statistical adjustments. Nevertheless, the findings underscore the potential value of targeting sleep maintenance insomnia in prodromal and early-stage HD (32). Table 1 provides a summary of human investigations linking sleep and cognitive impairment in Huntington’s disease.


TABLE 1 Summary of investigations linking sleep and cognitive impairment in Huntington’s disease.


	Study
	Sample size
	Percentage female
	Disease Severity (UHDRS)
	Methods
	Findings in HD patients

 

 	Aziz et al. (2010) (15) 	168:21 premanifest, 63 manifest, 84 HC 	57.7 premanifest
 54% manifest
 57.1% HC 	UHDRS motor: 1.9 (premanifest), 28.9 (manifest)
 UHDRS cognitive: 254 (premanifest), 187 (manifest) 	

	• Questionnaires: ESS, PSQI, BDI, SCOPA-SLEEP



 	

	• More night-time impairment,

	• More daytime dysfunction,

	• Later wake-up time significantly associated with cognitive score and depressive symptoms,

	• Depression as the only independent correlate of nighttime sleep impairment.






 	Baker et al. (2016) (92) 	67:32 manifest (17 with sleep problems), 35 premanifest (14 with sleep problems) 	61% manifest
 60% premanifest 	UHDRS motor: premanifest no sleep problems 1.1 ± 1.2
 premanifest with sleep problems 0.6 ± 1.2
 manifest without sleep problems 18.3 ± 9.5
 manifest with sleep problems 17.5 ± 12.5 	

	• Questionnaires: BDI, SDMT, STROOP-WORD, HADS, Frontal Systems Behavior Scale, SCOPI

	• Structural

	• MRI with volumetric analysis



 	

	• No significant differences in neurocognitive measures between those with and without reported sleep problems,

	• Manifest with sleep problems had significantly accelerated thalamic degeneration and poorer neuropsychiatric outcomes compared to those without sleep problems,

	• Premanifest with sleep problems had significantly poorer neuropsychiatric outcomes compared to those without.






 	Diago et al. (2018) (39) 	76:23 premanifest, 9 manifest, 39 HC 	65.2% premanifest
 60% manifest
 63.2% HC 	UHDRS motor: premanifest 0.43 ± 1.08
 manifest 26.6 ± 21.42; UHDRS cognitive: premanifest 309.3 ± 47.03
 manifest 181.33 ± 89.43 	

	• Questionnaires: PSQI, ESS, UHDRS cognitive, HADS, Irritability Scale



 	

	• Mutation carriers were significantly more depressed and had lower cognitive scores than non-carriers,

	• HD patients had worse sleep quality associated with more severe cognitive impairment and higher anxiety, depression and irritability scores,

	• Habitual wake-up time was delayed and associated with worse cognitive performance and greater depressive and anxiety symptoms.






 	Tanigaki et al. (2020) (92) 	51:28 HD gene carriers, 22 caregivers 	69% HD gene carriers
 55% caregivers 	No data 	

	• Questionnaires: PSQI, ESS, University of Cambridge HD Sleep Questionnaire, STOP questionnaire for Obstructive Sleep Apnea, HADS, NeuroQoL v2.0 Cognitive Function—Short Form



 	

	• Diminished subjective sleep quality and increased sleep latency significantly associated with elevated levels of anxiety and depression, as well as with poorer self-perceived cognitive performance,

	• Both HD gene carriers and their caregivers exhibited a high prevalence of poor sleep quality, exceeding that of the general population.






 	Fitzgerald et al. (2025) (64) 	78:36 premanifest, 42 HC 	69.4% premanifest
 66.7% HC 	UHDRS total functioning capacity score: 13 	

	• Questionnaires: PSQI, ESS, ISS, Fatigue Severity Scale

	• Actigraphy

	• Battery of standardized cognitive tests



 	

	• Pre-HD with higher wake after sleep onset and greater fragmentation index performed worse on executive functions, verbal learning and memory tests,

	• Participants with higher interdaily stability (more stable patterns) performed worse on cognitive tasks,

	• Poorer self-reported sleep quality was related to worse performance in memory, visuospatial, and paced tapping.






 	Voysey et al. (2025) (32) 	48:28 HD (premanifest in baseline), 28 HC 	57.1% premanifest
 67.9% HC 	UHDRS diagnostic confidence level 0–1 at baseline 	

	• Polysomnography (baseline+12-year follow-up)

	• Actigraphy (baseline+ 10-year follow-up)

	• serum NfL (baseline+12-year follow-up), battery of standardized cognitive tests



 	

	• Greater sleep maintenance insomnia was associated with cognitive impairment and with higher NfL levels,

	• Sleep stage instability begins early in the premanifest phase,

	• Sleep maintenance insomnia appears closer to phenoconversion.









HC, healthy controls; UHDRS, Unified Huntington Disease Rating Scale; ESS, Epworth’s Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; BDI, Beck Depression Inventory; SDMT, Symbol digit Modalities Test; HADS, Hospital Anxiety and Depression Scale; SCOPI, Schedule of Obsessions, Compulsions and Psychological Impulses; MRI, Magnetic Resonance Imaging; ISS, Insomnia Severity Scale; NfL, neurofilament light.
 

Depression is the most common neuropsychiatric disorder in HD and has been consistently correlated with sleep disturbances across studies (14, 37, 39, 69). However, the direction of this relationship remains unclear. Intuitively, poor sleep quality may exacerbate depressive symptoms, a pattern well-documented in the healthy population. In other neurodegenerative diseases, such as Alzheimer’s and PD, effective treatment of depression has been associated with a reduction in sleep disturbances (70, 71). However, no data are currently available to confirm a similar relationship in HD.



Therapeutic strategies

Regardless of etiology, the foundation of effective sleep disorder management lies in non-pharmacological interventions. A key component is adherence to proper sleep hygiene, which includes maintaining a consistent daily schedule with fixed wake and sleep times. Additionally, incorporating regular and varied physical activity, avoiding daytime naps, and limiting caffeine intake in the afternoon and evening are essential strategies. Implementing these changes is relatively simple and, most importantly, carries no risk of adverse effects.

While pharmacotherapy may influence sleep patterns, it is essential to emphasize that medications are not the sole contributors to sleep disturbances in HD. Alterations in sleep architecture can already be detected in the premanifest stage, before any medical treatment is initiated (21, 26, 32). The observation that sleep and circadian abnormalities in HD animal models can be both induced through targeted genetic manipulation—such as mHTT-Q128 expression in subsets of circadian pacemaker and sleep-regulating neurons in the Drosophila model—and ameliorated by interventions enhancing autophagy indicates that disturbances in sleep and circadian rhythms are an inherent feature of HD pathology (72).

Nevertheless, the systematic evaluation of medications for their impact on sleep quality and circadian rhythms is important. If discontinuing drugs that negatively affect sleep is not feasible, adjusting their administration schedule should be considered. Stimulating medications should be taken in the morning, while sedative agents are best administered in the evening.

Dopamine antagonists, such as tiapride and haloperidol, influence clock gene expression in the SCN, but their effects are highly time-dependent. The least disruption occurs when these medications are taken immediately before sleep (73). For sedative neuroleptics, olanzapine and quetiapine are recommended due to their more favorable profile in the context of sleep disturbances (74). Yet antipsychotic medications have been linked to worsening clinical outcomes in individuals with Alzheimer’s disease and other dementias, including higher risks of cognitive decline, cerebrovascular events, hip fractures, and mortality. Consequently, their use for treating sleep disturbances is discouraged unless clinically justified for coexisting behavioral or psychological symptoms (75).

Selective serotonin reuptake inhibitors (SSRIs), frequently prescribed in this patient population, can disrupt sleep and cause insomnia in approximately 10–20% of patients (76, 77). As an alternative, antidepressants with additional antihistaminergic properties, such as mirtazapine, or potent 5-HT2 receptor antagonists, such as trazodone, may be considered (65, 77). However, both of these medications have anticholinergic properties that can lead to drowsiness and cognitive impairment. Therefore, their use should be limited to patients who also exhibit depressive symptoms, rather than being prescribed solely for the treatment of sleep disturbances (75).

Although less commonly discussed, medications not primarily targeting mood or psychosis may also interfere with sleep–wake regulation in HD. A compelling case report described a 49-year-old woman with manifest HD who developed delayed sleep phase syndrome following dose-dependent exposure to memantine, an NMDA receptor antagonist sometimes used off-label to manage cognitive or motor symptoms in neurodegenerative disorders. Notably, the patient had no prior sleep complaints. Still, after titration to 20 mg of memantine, she experienced a significant 2–3-h delay in sleep onset and morning wake time, objectively confirmed by actigraphy. Reducing the dose to 10 mg reversed the circadian disruption without compromising motor symptom control (78). This case highlights how even medications considered relatively benign in other populations may have unanticipated chronobiological effects in HD.

Daily administration of alprazolam to transgenic R6/2 mice stabilized clock gene expression in the SCN and improved cognitive function (53). However, the lack of studies involving HD patients and the high addictive potential of benzodiazepines limit their use to short-term treatment (less than two weeks) in cases where other approaches have failed (65). An alternative may be MT1 and MT2 melatonin receptor agonists, which, when administered in the evening, can mimic the physiological rise in melatonin and support circadian rhythm regulation (79). Recommended medications include exogenous melatonin, agomelatine (which also exhibits antidepressant effects due to 5-HT2C receptor antagonism), ramelteon, and tasimelteon. A 2016 Cochrane review on pharmacotherapy for sleep disturbances in dementia syndromes found no clear benefits of melatonin or ramelteon but emphasized their safety and the absence of significant adverse effects (80).

Marking a significant step forward in the clinical evaluation of sleep-targeted therapies for HD, a recent randomized, double-blind, placebo-controlled crossover pilot trial directly investigated the efficacy and safety of melatonin in HD gene expansion carriers (HDGECs) experiencing sleep disturbances. Among 114 individuals screened, 15 premanifest or early-manifest HDGECs (mean age: 46.5 ± 13.9 years; 7 females, 8 males; mean CAG repeat length: 43.8 ± 2.9) met the eligibility criteria. Participants were randomly assigned into two arms: one receiving melatonin first, followed by placebo (M–P), and the other receiving placebo first, followed by melatonin (P–M). Each treatment period lasted four weeks, separated by a two-week washout interval, during which participants received 3 mg of oral melatonin nightly. Sleep-related outcomes were assessed using the PSQI (excluding the medication-use component), Huntington’s Disease Sleep Questionnaire (HD-SQ), and the ESS. Additional endpoints included cognitive assessments, neuropsychiatric symptoms, motor performance, and clinician global impression. The trial found no statistically significant differences between melatonin and placebo across all primary and secondary outcome measures. Sleep quality, daytime sleepiness, cognitive functioning, mood, and motor symptoms remained stable throughout both treatment phases. A small, non-significant increase in ESS scores was observed during melatonin treatment (6.1 vs. 5.0; p = 0.23). Importantly, melatonin was well tolerated, and no adverse events were reported. The lack of anticipated effect may result from certain methodological limitations. In particular, sleep outcomes were evaluated solely using subjective measures, without incorporating objective techniques. Additionally, the use of an immediate-release melatonin formulation may have limited its effectiveness in maintaining sleep. This highlights the need for future studies to use prolonged-release preparations (81). While preliminary, this study demonstrates the feasibility and safety of melatonin administration in individuals with HD and underscores the urgent need for larger, adequately powered trials to evaluate its therapeutic potential in targeting circadian dysfunction and sleep-related symptoms in this population.

Dual orexin receptor antagonists (DORAs) are a new class of medications that target the orexin signaling pathway and have shown effectiveness in treating insomnia. Clinical studies indicate that DORAs can improve sleep quality in patients with AD who experience sleep disturbances and circadian rhythm disorders (82). Additionally, preclinical research has demonstrated that acute administration of the dual orexin receptor antagonist suvorexant in the R6/1 mouse model of HD improved sleep continuity and alleviated cognitive deficits (67). Clinical trials in the human HD population are necessary to assess their efficacy and safety in this context.

Bright light therapy (BLT) is a non-pharmacological method for regulating circadian rhythms. Exposing individuals to high-intensity light at a specific time of day, enables the phase shifting of the biological clock, thereby influencing the overall sleep–wake cycle. The physiological mechanism underlying BLT involves the activation of melanopsin, a photopigment found in intrinsically photosensitive retinal ganglion cells. The resulting electrical impulses are transmitted through the retinohypothalamic pathway to the SCN, and then, via polysynaptic circuits, to the pineal gland. Light exposure inhibits melatonin production, while secretion of this hormone increases in darkness. Standard parameters for BLT include a light intensity of 10,000 lux. The lamps utilized in this therapy are fitted with UV filters to ensure safety during treatment.

BLT combined with a regular physical activity schedule has been shown to delay the disruption of circadian activity patterns in transgenic R6/2 mice (83). However, no studies have yet been conducted to assess its efficacy in HD patients. Research in other neurodegenerative diseases provides more data on its potential benefits.

Studies in small groups of PD patients (fewer than 20 participants) suggest that BLT may positively impact sleep parameters, mood, and motor symptoms (84). In 2019, a randomized trial involving 83 PD patients with comorbid depressive symptoms was conducted. A three-month intervention with 10,000-lux light therapy, compared to a control light condition (200 lux), significantly improved subjective sleep measures. However, no significant differences were observed between groups regarding depressive symptoms (85). A 2014 Cochrane review that included randomized controlled trials of light therapy across dementia types and severities found no consistent benefits for circadian regulation or sleep outcomes (86). However, a recent controlled study involving 14 dementia patients in long-term care demonstrated that a tailored lighting intervention—designed to deliver a circadian stimulus (CS) of ≥ 0.3 over two 8-week periods—led to improved actigraphy-derived sleep parameters and mood ratings compared to baseline (87). These findings highlight the therapeutic potential of tailored lighting, designed based on the CS measure, on improving sleep and mood in patients with neurodegenerative diseases. This suggests that similar approaches could be explored for managing sleep disturbances in patients with HD.

Beyond pharmacological and light-based interventions, behavioral strategies targeting circadian alignment are gaining interest in HD research. One promising approach is Time-Restricted Feeding (TRF), a dietary regimen in which food intake is confined to a defined window of the day (typically 6–10 h), aligned with the organism’s active phase. Unlike caloric restriction, TRF maintains energy intake while restructuring its temporal pattern, thereby leveraging circadian biology to restore metabolic and behavioral rhythms.

In preclinical HD models, particularly R6/2 and BACHD mice, TRF significantly improved motor function, sleep–wake rhythmicity, and metabolic outcomes. A comprehensive review of these findings emphasizes that TRF stabilizes peripheral clock gene expression, reduces neuroinflammation, and enhances mitochondrial function. Furthermore, TRF mitigated weight loss and delayed the onset of motor decline in R6/2 mice when initiated in the early stages of the disease (88). Feeding schedules may act as strong non-photic Zeitgebers, capable of entraining circadian rhythms independently of the SCN (89).

To date, no clinical trial has been published assessing the effects of TRF in individuals with Huntington’s disease. A recently published protocol outlines a 12-week interventional study designed to evaluate the feasibility, safety, and preliminary efficacy of TRF in gene-expansion carriers at an early disease stage. Participants aged 30 to 65 will adopt a consistent 10-h feeding window aligned with morning to afternoon hours. The study will also assess changes in circadian alignment markers, aiming to determine whether structured meal timing can promote circadian rhythm stabilization and improve symptom management in the HD population (90).

As previously mentioned, excessive daytime sleepiness is uncommon among HD patients (25). Its treatment primarily involves substances used in PD therapy, such as modafinil and caffeine (66). Another potential therapeutic option includes drugs that modulate the histamine H3 receptor. The H3 receptor antagonist pitolisant enhances histaminergic activity, promoting wakefulness (58). In HD patients exhibiting a phase shift in histamine secretion—characterized by increased nocturnal release and reduced daytime levels—pitolisant may represent a promising therapeutic approach (91).

Despite advances in understanding sleep and circadian rhythm disturbances in HD, systematic research on their treatment remains limited. Current therapeutic strategies are primarily based on findings from other neurodegenerative diseases and studies in animal models. However, the lack of large-scale randomized clinical trials in HD patients restricts the ability to assess the efficacy and safety of these interventions, hindering the development of standardized treatment guidelines. Future research should focus on improving sleep parameters and evaluating their impact on cognitive function and psychiatric symptoms. A better understanding of the interplay between sleep disturbances and other aspects of HD could provide more comprehensive therapeutic strategies.




Conclusion

Sleep and circadian rhythm disturbances represent a significant yet often overlooked clinical aspect of HD. Objective assessments consistently demonstrate reduced sleep efficiency, significant sleep fragmentation, and decreased REM sleep. Emerging evidence indicates that these disturbances not only accompany the disease but may also precede its clinical onset. In premanifest individuals, difficulty maintaining sleep has been associated with cognitive impairment and elevated markers of neurodegeneration, highlighting its potential as an early biomarker.

Evidence suggests that sleep disturbances may contribute to cognitive decline and exacerbate psychiatric symptoms. Multiple preclinical studies indicate that improving sleep or circadian rhythm through pharmacological, behavioral, or light-based interventions can lead to better cognitive function, motor performance, and even prolonged survival. Despite advances in understanding the underlying pathological mechanisms, systematic research on therapeutic strategies targeting sleep and circadian abnormalities in the HD population remains limited. Current approaches primarily rely on insights derived from other neurodegenerative disorders. To date, the only randomized, double-blind, placebo-controlled trial investigated the efficacy and safety of melatonin. Still, it did not confirm its benefits in improving sleep quality, cognitive performance, or neuropsychiatric symptoms (81). A recently proposed protocol describes an interventional trial designed to assess the safety and efficacy of time-restricted feeding in the early stages of the disease, offering a promising, non-invasive, and relatively low-cost approach to mitigating circadian rhythm disturbances (90).

This growing interest in therapeutic approaches targeting sleep and circadian dysfunction in HD underscores the need for further interventional studies in larger patient cohorts, incorporating assessments of cognitive burden and biomarkers of disease activity. Understanding and treating sleep and circadian dysfunction offers a promising avenue to improve quality of life and potentially modify disease burden in HD.



Author contributions

PK: Writing – original draft, Writing – review & editing. MR-B: Conceptualization, Writing – review & editing.



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 Gen 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.



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.



References
	 1. Vonsattel,JP, Myers,RH, Stevens,TJ, Ferrante,RJ, Bird,ED, and Richardson,EP. Neuropathological classification of Huntington’s disease. J Neuropathol Exp Neurol. (1985) 44:559–77. doi: 10.1097/00005072-198511000-00003 
	 2. Yesavage,JA, Friedman,L, Ancoli-Israel,S, Bliwise,DL, Singer,CM, Vitiello,MV , et al. Development of diagnostic criteria for defining sleep disturbance in Alzheimer’s disease. J Geriatr Psychiatry Neurol. (2003) 16:131–9. doi: 10.1177/0891988703255684 
	 3. Askenasy,JJ. Approaching disturbed sleep in late Parkinson's disease: first step toward a proposal for a revised UPDRS. Parkinsonism Relat Disord. (2001) 8:123–31. doi: 10.1016/S1353-8020(01)00026-8 
	 4. Voysey,Z, Fazal,SV, Lazar,AS, and Barker,RA. The sleep and circadian problems of Huntington’s disease: when, why and their importance. J Neurol. (2021) 268:2275–83. doi: 10.1007/s00415-020-10334-3 
	 5. Khan,MA, and Al-Jahdali,H. The consequences of sleep deprivation on cognitive performance. Neurosciences (Riyadh). (2023) 28:91–9. doi: 10.17712/nsj.2023.2.20220108 
	 6. Van Veen,MM, Lancel,M, Şener,Ö, Kent,BA, Ramautar,JR, Kalma,L , et al. Observational and experimental studies on sleep duration and aggression: a systematic review and meta-analysis. Sleep Med Rev. (2022) 64:101661. doi: 10.1016/j.smrv.2022.101661
	 7. Cousins,JN, and Fernández,G. The impact of sleep deprivation on declarative memory. Prog Brain Res. (2019) 246:27–53. doi: 10.1016/bs.pbr.2019.01.007
	 8. Manchanda,S, Singh,H, Kaur,T, and Kaur,G. Low-grade neuroinflammation due to chronic sleep deprivation results in anxiety and learning and memory impairments. Mol Cell Biochem. (2018) 449:63–72. doi: 10.1007/s11010-018-3343-7 
	 9. Vecsey,CG, Huang,T, and Abel,T. Sleep deprivation impairs synaptic tagging in mouse hippocampal slices. Neurobiol Learn Mem. (2018) 154:136–40. doi: 10.1016/j.nlm.2018.03.016 
	 10. Rasmussen,MK, Mestre,H, and Nedergaard,M. The glymphatic pathway in neurological disorders. Lancet Neurol. (2018) 17:1016–24. doi: 10.1016/S1474-4422(18)30318-1 
	 11. Iliff,JJ, Wang,M, Liao,Y, Plogg,BA, Peng,W, Gundersen,GA , et al. A paravascular pathway facilitates CSF flow through the brain parenchyma and the clearance of interstitial solutes, including amyloid β. Sci Transl Med. (2012) 4:147ra111. doi: 10.1126/scitranslmed.3003748 
	 12. Iliff,JJ, Chen,MJ, Plog,BA, Zeppenfeld,DM, Soltero,M, Yang,L , et al. Impairment of glymphatic pathway function promotes tau pathology after traumatic brain injury. J Neurosci. (2014) 34:16180–93. doi: 10.1523/JNEUROSCI.3020-14.2014 
	 13. Nedergaard,M, and Goldman,SA. Glymphatic failure as a final common pathway to dementia. Science. (2020) 370:50–6. doi: 10.1126/science.abb8739 
	 14. Taylor,N, and Bramble,D. Sleep disturbance and Huntington’s disease. Br J Psychiatry. (1997) 171:393. doi: 10.1192/bjp.171.4.393c
	 15. Aziz,NA, Anguelova,GV, Marinus,J, Lammers,GJ, and Roos,RAC. Sleep and circadian rhythm alterations correlate with depression and cognitive impairment in Huntington's disease. Parkinsonism Relat Disord. (2010) 16:345–50. doi: 10.1016/j.parkreldis.2010.02.009 
	 16. Goodman,AOG, Morton,AJ, and Barker,RA. Identifying sleep disturbances in Huntington's disease using a simple disease-focused questionnaire. PLoS Curr. (2010) 2:RRN1189. doi: 10.1371/currents.RRN1189 
	 17. Rodríguez Santana,I, Frank,SA, Mestre,TA, Arnesen,A, Hamilton,JL, Hubberstey,H , et al. Suicidal ideation and sleep disturbances among people with Huntington disease: evidence from the HDBOI study. Neurol Clin Pract. (2025) 15:e200461. doi: 10.1212/CPJ.0000000000200461 
	 18. Ogilvie,AC, Nopoulos,PC, and Schultz,JL. Sleep disturbances by disease type and stage in Huntington's disease. Parkinsonism Relat Disord. (2021) 91:13–8. doi: 10.1016/J.PARKRELDIS.2021.08.011 
	 19. Piano,C, Della Marca,G, Losurdo,A, Imperatori,C, Solito,M, Calandra-Buonaura,G , et al. Subjective assessment of sleep in Huntington disease: reliability of sleep questionnaires compared to polysomnography. Neurodegener Dis. (2017) 17:330–7. doi: 10.1159/000480701 
	 20. Lazar,AS, Panin,F, Goodman,AOG, Lazic,SE, Lazar,ZI, Mason,SL , et al. Sleep deficits but no metabolic deficits in premanifest Huntington’s disease. Ann Neurol. (2015) 78:630–48. doi: 10.1002/ana.24495 
	 21. Arnulf,I, Nielsen,J, Lohmann,E, Schiefer,J, Wild,E, Jennum,P , et al. Rapid eye movement sleep disturbances in Huntington disease. Arch Neurol. (2008) 65:482–8. doi: 10.1001/archneur.65.4.482 
	 22. Rechtschaffen,A, and Kales,A. A manual of standardized terminology, techniques and scoring system for sleep stages of human subjects. Washington DC: US Government Printing Office (1968).
	 23. Aserinsky,E. The discovery of REM sleep. J Hist Neurosci. (1996) 5:213–27. doi: 10.1080/09647049609525671
	 24. Goodman,AOG, and Barker,RA. How vital is sleep in Huntington’s disease. J Neurol. (2010) 257:882–97. doi: 10.1007/s00415-010-5517-4 
	 25. Piano,C, Losurdo,A, Della Marca,G, Solito,M, Calandra-Buonaura,G, Provini,F , et al. Polysomnographic findings and clinical correlates in Huntington disease: a cross-sectional cohort study. Sleep. (2015) 38:1489–95. doi: 10.5665/sleep.4996
	 26. Goodman,AOG, Rogers,L, Pilsworth,S, McAllister,CJ, Shneerson,JM, Morton,AJ , et al. Asymptomatic sleep abnormalities are a common early feature in patients with Huntington’s disease. Curr Neurol Neurosci Rep. (2011) 11:211–7. doi: 10.1007/s11910-010-0163-x 
	 27. Wiegand,M, Möller,AA, Lauer,CJ, Stolz,S, Schreiber,W, Dose,M , et al. Nocturnal sleep in Huntington’s disease. J Neurol. (1991) 238:203–8. doi: 10.1007/BF00314781 
	 28. Neutel,D, Tchikviladzé,M, Charles,P, Leu-Semenescu,S, Roze,E, Durr,A , et al. Nocturnal agitation in Huntington disease is caused by arousal-related abnormal movements rather than by rapid eye movement sleep behavior disorder. Sleep Med. (2015) 16:754–9. doi: 10.1016/j.sleep.2014.12.021 
	 29. Zhang,Y, Ren,R, Yang,L, Zhou,J, Li,Y, Shi,J , et al. Sleep in Huntington’s disease: a systematic review and meta-analysis of polysomongraphic findings. Sleep. (2019) 42:zsz154. doi: 10.1093/sleep/zsz154 
	 30. Annapureddy,J, Ray,S, Kamble,N, Kumar,G, Pal,PK, Dv,S , et al. The association of saccadic abnormalities with REM sleep in patients with Huntington's disease. Sleep Med. (2022) 93:84–9. doi: 10.1016/j.sleep.2021.10.035 
	 31. Fitzgerald,ES, Glikmann-Johnston,Y, Manousakis,JE, Rankin,M, Anderson,C, Jackson,ML , et al. Sleep fragmentation, 24-hr rest-activity patterns, and cognitive function in premanifest Huntington’s disease: an actigraphy study. Neuropsychology. (2025) 39:384–401. doi: 10.1037/neu0001001 
	 32. Voysey,ZJ, Goodman,AOG, Rogers,L, Holbrook,JA, Lazar,AS, and Barker,RA. Sleep abnormalities are associated with greater cognitive deficits and disease activity in Huntington’s disease: a 12-year polysomnographic study. Brain Commun. (2025) 7:fcaf126. doi: 10.1093/braincomms/fcaf126 
	 33. Malhotra,RK. Neurodegenerative disorders and sleep. Sleep Med Clin. (2018) 13:63–70. doi: 10.1016/j.jsmc.2017.09.006 
	 34. Ranjan,S, Kohler,S, Harrison,MB, and Quigg,M. Nocturnal post-arousal chorea and repetitive ballistic movement in Huntington’s disease. Mov Disord Clin Pract. (2015) 3:200–2. doi: 10.1002/mdc3.12258 
	 35. Silvestri,R, Raffaele,M, De Domenico,P, Tisano,A, Mento,G, Casella,C , et al. Sleep features in Tourette’s syndrome, neuroacanthocytosis and Huntington’s chorea. Neurophysiol Clin. (1995) 25:66–77. doi: 10.1016/0987-7053(96)81034-3 
	 36. Hansotia,P, Wall,R, and Berendes,J. Sleep disturbances and severity of Huntington’s disease. Neurology. (1985) 35:1672–4. doi: 10.1212/wnl.35.11.1672 
	 37. Videnovic,A, Bernard,B, Politis,DG, Jaglin,J, Leurgans,S, and Shannon,KM. Daytime somnolence and nocturnal sleep disturbances in Huntington disease. Parkinsonism Relat Disord. (2009) 15:471–6. doi: 10.1016/j.parkreldis.2008.10.002
	 38. Scaglione,C, Vitiello,M, Tonetti,L, Giovagnoli,S, Barletta,G, Calandra-Buonaura,G , et al. Sleep-wake cycle and 24-h motor activity in early-mid Huntington’s disease patients: an actigraphy-based study. J Huntingtons Dis. (2024) 13:501–9. doi: 10.1177/18796397241287227 
	 39. Diago,EB, García,S, Gonzalez,N, de Diego-Balaguer,R, Sanchez-Castro,JA, Camacho,V , et al. Circadian rhythm, cognition and mood disorders in Huntington’s disease. J Huntingtons Dis. (2018) 7:193–8. doi: 10.3233/JHD-180291
	 40. Bollen,EL, Wekking,EM, Van Dijk,JG, Kramer,CG, Roos,RA, and Buruma,OJ. Respiration during sleep in Huntington’s chorea. J Neurol Sci. (1988) 84:63–8. doi: 10.1016/0022-510X(88)90174-8
	 41. Cuturic,M, Abramson,RK, Vallini,D, Frank,EM, Shamsnia,M, and Diamond,R. Sleep patterns in patients with Huntington’s disease and their unaffected first-degree relatives: a brief report. Behav Sleep Med. (2009) 7:245–54. doi: 10.1080/15402000903190215
	 42. Aini,N, Chu,H, Banda,KJ, Chen,R, Lee,TY, Pien,LC , et al. Prevalence of sleep-related breathing disorders and associated risk factors among people with dementia: a meta-analysis. Sleep Med. (2023) 103:51–61. doi: 10.1016/j.sleep.2023.01.020 
	 43. Aziz,NA, Pijl,H, Frölich,M, Schröder-van der Elst,JP, van der Bent,C, and Roelfsema,F. Delayed onset of the diurnal melatonin rise in patients with Huntington’s disease. J Neurol. (2009) 256:1961–5. doi: 10.1007/s00415-009-5196-1 
	 44. Kalliolia,E, Silajdžić,E, Nambron,R, Hill,NR, Doshi,A, Frost,C , et al. Plasma melatonin is reduced in Huntington’s disease. Mov Disord. (2014) 29:1511–5. doi: 10.1002/mds.26003 
	 45. Morton,AJ, Wood,NI, Hastings,MH, Hurelbrink,C, Barker,RA, and Maywood,ES. Disintegration of the sleep-wake cycle and circadian timing in Huntington’s disease. J Neurosci. (2005) 25:157–63. doi: 10.1523/JNEUROSCI.3842-04.2005 
	 46. Townhill,J, Hughes,AC, Thomas,B, Busse,ME, Price,K, Dunnett,SB , et al. Using Actiwatch to monitor circadian rhythm disturbance in Huntington’ disease: a cautionary note. J Neurosci Methods. (2016) 265:13–8. doi: 10.1016/j.jneumeth.2016.01.009 
	 47. Fitzgerald,ES, Manousakis,JE, Glikmann-Johnston,Y, Rankin,M, Anderson,C, Stout,JC , et al. Sleep fragmentation despite intact rest-activity patterns in premanifest Huntington’s disease: an actigraphy study. Sleep Med. (2024) 124:16–29. doi: 10.1016/j.sleep.2024.08.026 
	 48. Kudo,T, Schroeder,A, Loh,DH, Kuljis,D, Jordan,MC, Roos,KP , et al. Dysfunctions in circadian behavior and physiology in mouse models of Huntington’s disease. Exp Neurol. (2011) 228:80–90. doi: 10.1016/j.expneurol.2010.12.011 
	 49. Kuljis,D, Kudo,T, Tahara,Y, Ghiani,CA, and Colwell,CS. Pathophysiology in the suprachiasmatic nucleus in mouse models of Huntington’s disease. J Neurosci Res. (2018) 96:1862–75. doi: 10.1002/jnr.24320 
	 50. Van Wamelen,DJ, Aziz,NA, Anink,JJ, Van Steenhoven,R, Angeloni,D, Fraschini,F , et al. Suprachiasmatic nucleus neuropeptide expression in patients with Huntington’s disease. Sleep. (2013) 36:117–25. doi: 10.5665/sleep.2314 
	 51. Cox,KH, and Takahashi,JS. Circadian clock genes and the transcriptional architecture of the clock mechanism. J Mol Endocrinol. (2019) 63:R93–R102. doi: 10.1530/JME-19-0153 
	 52. Astiz,M, Heyde,I, and Oster,H. Mechanisms of communication in the mammalian circadian timing system. Int J Mol Sci. (2019) 20:343. doi: 10.3390/ijms20020343 
	 53. Pallier,PN, Maywood,ES, Zheng,Z, Chesham,JE, Inyushkin,AN, Dyball,RN , et al. Pharmacological imposition of sleep slows cognitive decline and reverses dysregulation of circadian gene expression in a transgenic mouse model of Huntington's disease. J Neurosci. (2007) 27:7869–78. doi: 10.1523/JNEUROSCI.0649-07.2007 
	 54. Maywood,ES, Fraenkel,E, McAllister,CJ, Wood,N, Reddy,AB, Hastings,MH , et al. Disruption of peripheral circadian timekeeping in a mouse model of Huntington’s disease and its restoration by temporally scheduled feeding. J Neurosci. (2010) 30:10199–204. doi: 10.1523/JNEUROSCI.1694-10.2010 
	 55. Morton,AJ, Rudiger,SR, Wood,NI, Hurelbrink,C, Barker,RA, Maywood,ES , et al. Early and progressive circadian abnormalities in Huntington's disease sheep are unmasked by social environment. Hum Mol Genet. (2014) 23:3375–83. doi: 10.1093/hmg/ddu067
	 56. Petersén,Å, Gil,J, Maat-Schieman,MLC, Björkqvist,M, Tanila,H, Araújo,IM , et al. Orexin loss in Huntington’s disease. Hum Mol Genet. (2005) 14:39–47. doi: 10.1093/hmg/ddi004 
	 57. Kremer,HP, Roos,RA, Dingjan,GM, Marani,E, and Bots,GT. Atrophy of the hypothalamic lateral tuberal nucleus in Huntington's disease. J Neuropathol Exp Neurol. (1990) 49:371–82. doi: 10.1097/00005072-199007000-00002 
	 58. Gaus,SE, Lin,L, and Mignot,E. CSF hypocretin levels are normal in Huntington's disease patients. Sleep. (2005) 28:1607–8. doi: 10.1093/sleep/28.12.1607 
	 59. Bartlett,DM, Domínguez,DJF, Reyes,A, Zaenker,P, Feindel,KW, Newton,RU , et al. Investigating the relationships between hypothalamic volume and measures of circadian rhythm and habitual sleep in premanifest Huntington's disease. Neurobiol Sleep Circadian Rhythms. (2018) 6:1–8. doi: 10.1016/j.nbscr.2018.02.001
	 60. Rosas,HD, Koroshetz,WJ, Chen,YI, Skeuse,C, Vangel,M, Cudkowicz,ME , et al. Evidence for more widespread cerebral pathology in early HD: an MRI-based morphometric analysis. Neurology. (2003) 60:1615–20. doi: 10.1212/01.wnl.0000065888.88988.6e 
	 61. Zweig,RM, Ross,CA, Hedreen,JC, Peyser,C, Cardillo,JE, Folstein,SE , et al. Locus coeruleus involvement in Huntington's disease. Arch Neurol. (1992) 49:152–6. doi: 10.1001/archneur.1992.00530260052019 
	 62. Mena-Segovia,J, Cintra,L, Prospéro-García,O, and Giordano,M. Changes in sleep-waking cycle after striatal excitotoxic lesions. Behav Brain Res. (2002) 136:475–81. doi: 10.1016/S0166-4328(02)00201-2 
	 63. Stoffers,D, Altena,E, van der Werf,YD, Sanz-Arigita,EJ, Voorn,TA, Astill,RG , et al. The caudate: a key node in the neuronal network imbalance of insomnia? Brain. (2014) 137:610–20. doi: 10.1093/brain/awt329 
	 64. Franzen,PL, and Buysse,DJ. Sleep disturbances and depression: risk relationships for subsequent depression and therapeutic implications. Dialogues Clin Neurosci. (2008) 10:473–81. doi: 10.31887/DCNS.2008.10.4/plfranzen 
	 65. Kahn-Greene,ET, Killgore,DB, Kamimori,GH, Balkin,TJ, and Killgore,WD. The effects of sleep deprivation on symptoms of psychopathology in healthy adults. Sleep Med. (2007) 8:215–21. doi: 10.1016/j.sleep.2006.08.007
	 66. van der Werf,YD, Altena,E, Schoonheim,MM, Sanz-Arigita,EJ, Vis,JC, de Rijke,W , et al. Sleep benefits subsequent hippocampal functioning. Nat Neurosci. (2009) 12:122–3. doi: 10.1038/nn.2253 
	 67. Cabanas,M, Pistono,C, Puygrenier,L, Rakesh,D, Jeantet,Y, Garret,M , et al. Neurophysiological and behavioral effects of anti-orexinergic treatments in a mouse model of Huntington’s disease. Neurotherapeutics. (2019) 16:784–96. doi: 10.1007/s13311-019-00726-3 
	 68. Whittaker,DS, Wang,HB, Loh,DH, Cachope,R, and Colwell,CS. Possible use of a H3R antagonist for the management of nonmotor symptoms in the Q175 mouse model of Huntington’s disease. Pharmacol Res Perspect. (2017) 5:e00344. doi: 10.1002/prp2.344 
	 69. Baker,CR, Domínguez,DJF, Stout,JC, Gabery,S, Churchyard,A, Chua,P , et al. Subjective sleep problems in Huntington's disease: a pilot investigation of the relationship to brain structure, neurocognitive, and neuropsychiatric function. J Neurol Sci. (2016) 364:148–53. doi: 10.1016/j.jns.2016.03.021
	 70. Brotini,S, and Gigli,GL. Epidemiology and clinical features of sleep disorders in extrapyramidal disease. Sleep Med. (2004) 5:169–79. doi: 10.1016/j.sleep.2003.10.012 
	 71. McCurry,SM, Reynolds,CF, Ancoli-Israel,S, Teri,L, and Vitiello,MV. Treatment of sleep disturbance in Alzheimer's disease. Sleep Med Rev. (2000) 4:603–28. doi: 10.1053/smrv.2000.0127 
	 72. Sharma,A, Narasimha,K, Manjithaya,R, and Sheeba,V. Restoration of sleep and circadian behavior by autophagy modulation in Huntington’s disease. J Neurosci. (2023) 43:4907–25. doi: 10.1523/JNEUROSCI.1894-22.2023 
	 73. Viyoch,J, Matsunaga,N, Yoshida,M, To,H, Higuchi,S, and Ohdo,S. Effect of haloperidol on mPer1 gene expression in mouse suprachiasmatic nuclei. J Biol Chem. (2005) 280:6309–15. doi: 10.1074/jbc.M411704200
	 74. Anderson,KE, van Duijn,E, Craufurd,D, Drazinic,C, Edmondson,M, Goodman,N , et al. Clinical management of neuropsychiatric symptoms of Huntington disease: expert-based consensus guidelines on agitation, anxiety, apathy, psychosis and sleep disorders. J Huntingtons Dis. (2018) 7:355–66. doi: 10.3233/JHD-180293 
	 75. Voysey,ZJ, Barker,RA, and Lazar,AS. The treatment of sleep dysfunction in neurodegenerative disorders. Neurotherapeutics. (2021) 18:202–16. doi: 10.1007/s13311-020-00959-7 
	 76. DeMartinis,NA, and Winokur,A. Effects of psychiatric medications on sleep and sleep disorders. CNS Neurol Disord Drug Targets. (2007) 6:17–29. doi: 10.2174/187152707779940835 
	 77. Wichniak,A, Wierzbicka,A, Walęcka,M, and Jernajczyk,W. Effects of antidepressants on sleep. Curr Psychiatry Rep. (2017) 19:63. doi: 10.1007/s11920-017-0816-4 
	 78. Fujita,Y, Hamada,T, Kubota,S, Sakoh-Goshima,T, and Shirasaki,H. Memantine-induced delayed sleep phase in Huntington's disease: a case report. Clin Park Relat Disord. (2025) 12:100306. doi: 10.1016/j.prdoa.2025.100306 
	 79. van Wamelen,DJ, Roos,RA, and Aziz,NA. Therapeutic strategies for circadian rhythm and sleep disturbances in Huntington disease. Neurodegener Dis Manag. (2015) 5:549–59. doi: 10.2217/nmt.15.45 
	 80. McCleery,J, and Sharpley,AL. Pharmacotherapies for sleep disturbances in dementia. Cochrane Database Syst Rev. (2020) 11:CD009178. doi: 10.1002/14651858.CD009178.pub3
	 81. Zadegan,SA, Karagas,N, Tanigaki,W, Duncan,B, Dongarwar,D, Patino,J , et al. Melatonin for Huntington's disease (HD) gene carriers with HD-related sleep disturbance: a pilot study. Sleep Med. (2025) 129:238–44. doi: 10.1016/j.sleep.2025.02.032 
	 82. Carpi,M, Mercuri,NB, and Liguori,C. Orexin receptor antagonists for the prevention and treatment of Alzheimer’s disease and associated sleep disorders. Drugs. (2024) 84:1365–78. doi: 10.1007/s40265-024-02096-3 
	 83. Cuesta,M, Aungier,J, and Morton,AJ. Behavioral therapy reverses circadian deficits in a transgenic mouse model of Huntington's disease. Neurobiol Dis. (2014) 63:85–91. doi: 10.1016/j.nbd.2013.11.008 
	 84. Rutten,S, Vriend,C, van den Heuvel,OA, Smit,JH, Berendse,HW, and van der Werf,YD. Bright light therapy in Parkinson's disease: an overview of the background and evidence. Parkinsons Dis. (2012) 2012:767105. doi: 10.1155/2012/767105 
	 85. Rutten,S, Vriend,C, Smit,JH, Berendse,HW, van Someren,EJW, Hoogendoorn,AW , et al. Bright light therapy for depression in Parkinson disease: a randomized controlled trial. Neurology. (2019) 92:e1145–56. doi: 10.1212/WNL.0000000000007090 
	 86. Forbes,D, Blake,CM, Thiessen,EJ, Peacock,S, and Hawranik,P. Light therapy for improving cognition, activities of daily living, sleep, challenging behaviour, and psychiatric disturbances in dementia. Cochrane Database Syst Rev. (2014) 2014:CD003946. doi: 10.1002/14651858.CD003946.pub4
	 87. Figueiro,MG, Pedler,D, Plitnick,B, Zecena,E, and Leahy,S. Tailored lighting intervention (TLI) for improving sleep-wake cycles in older adults living with dementia. Front Physiol. (2023) 14:1290678. doi: 10.3389/fphys.2023.1290678 
	 88. Wells,RG, Neilson,LE, McHill,AW, and Hiller,AL. Dietary fasting and time-restricted eating in Huntington’s disease: therapeutic potential and underlying mechanisms. Transl Neurodegener. (2024) 13:17. doi: 10.1186/s40035-024-00406-z
	 89. Dell’Angelica,D, Singh,K, Colwell,CS, and Ghiani,CA. Circadian interventions in preclinical models of Huntington’s disease: a narrative review. Biomedicine. (2024) 12:1777. doi: 10.3390/biomedicines12081777 
	 90. Wells,RG, Neilson,LE, McHill,AW, and Hiller,AL. Time-restricted eating in early-stage Huntington’s disease: a 12-week interventional clinical trial protocol. PLoS One. (2025) 20:e0319253. doi: 10.1371/journal.pone.0319253 
	 91. Passani,MB, and Blandina,P. Histamine receptors in the CNS as targets for therapeutic intervention. Trends Pharmacol Sci. (2011) 32:242–9. doi: 10.1016/j.tips.2011.01.003 
	 92. Tanigaki,WK, Rossetti,MA, Rocha,NP, and Stimming,EF. Sleep dysfunction in Huntington’s disease: perspectives from patients. J Huntingtons Dis. (2020) 9:345–52. doi: 10.3233/JHD-200434 


Copyright
 © 2025 Kaczmarska and Rudzińska-Bar. 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.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Dysfunctions of sleep and the circadian rhythm in Huntington’s disease



		Introduction



		Sleep and neurodegeneration



		Clinical presentation of sleep disturbances in HD



		Objective assessment of sleep disturbances in HD



		HD and periodic limb movement disorder



		HD and REM sleep behavior disorder



		HD and insomnia



		HD and obstructive sleep apnea



		Circadian rhythm disorders in HD



		Neuropsychiatric correlates of sleep disturbance in HD



		Therapeutic strategies









		Conclusion



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Dysfunctions of sleep and the
circadian rhythm in Huntington's
disease












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






