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Chronic fatigue syndrome (CFS) is a debilitating disorder characterized by persistent fatigue, post-

exertional malaise, and sleep disturbances, with no de�nitive diagnostic test. Emerging research

suggests a critical role for hypothalamic and orexinergic dysfunction in the pathophysiology of

CFS/ME, contributing to impaired sleep-wake regulation, autonomic instability, and metabolic

disturbances. This review synthesizes evidence from neuroimaging, endocrine studies, and

immunological analyses, highlighting alterations in orexin levels, hypothalamic-pituitary-adrenal

(HPA) axis dysregulation, and in�ammatory cytokine pro�les as potential biomarkers.

Neuroimaging �ndings indicate reduced hypothalamic volume and altered functional connectivity,

correlating with disease severity. Further, immune-mediated neuroin�ammation may disrupt

orexinergic signaling, exacerbating fatigue and cognitive dysfunction. The identi�cation of reliable

biomarkers—such as cerebrospinal �uid orexin concentrations, neuroimaging markers, and

in�ammatory pro�les—could enhance diagnostic accuracy and re�ne personalized treatment

strategies. Future research should focus on longitudinal studies, pharmacological modulation of

orexin receptors, and advanced neuroimaging techniques to elucidate causal mechanisms.

Integrating wearable health technologies, cognitive behavioral therapy, and metabolic interventions

may improve early detection and disease management. Addressing the public health burden of

CFS/ME requires increased research investment, clinical education, and advocacy to improve patient

outcomes and reduce diagnostic uncertainty. This review underscores the need for an integrative,
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precision medicine approach to unravel the complexities of CFS/ME and advance targeted

interventions.

1. Introduction

Chronic fatigue syndrome (CFS), also known as myalgic encephalomyelitis (ME) or systemic exertion

intolerance disease (SEID), is a complex disorder with distinctive and debilitating symptoms.

Diagnosis is based on three primary criteria: a signi�cant and persistent reduction in the ability to

engage in pre-illness activity levels for more than six months, accompanied by profound fatigue that

is not lifelong, not relieved by rest, and not attributable to excessive exertion; post-exertional malaise

(PEM); and unrefreshing sleep. Additionally, at least one of the following must be present: cognitive

impairment or orthostatic intolerance. These diagnostic criteria underscore the multifaceted nature of

CFS/ME, necessitating careful clinical evaluation to ensure accurate diagnosis[1].

Although CFS diagnosis is primarily based on clinical manifestations, some patients exhibit abnormal

laboratory and imaging �ndings. Frequently observed alterations include dysregulations in the

thyroid and adrenal axes[2][3][4][5][6], abnormal proin�ammatory cytokine pro�les[7][8][9], and, less

commonly, changes in 24-hour urinary cortisol excretion[6][10]. These abnormalities re�ect an

intricate pathophysiology, likely driven by an altered in�ammatory response that underlies symptom

expression. Neuroimaging studies have also identi�ed notable structural and functional brain

changes, including reduced cortical volume[6][11][12][13][14], altered hypothalamic connectivity, and

modi�cations in other brain regions, particularly in younger cohorts[15][16][17][18].

Di�erential diagnosis of CFS is often complex due to the lack of de�nitive laboratory or imaging tests,

leading to frequent misdiagnosis with other rheumatologic, psychiatric, endocrine, and multisystem

disorders. The etiology of CFS is linked to a complex interplay of genetic, infectious, and immune

dysfunctions, though these mechanisms remain poorly understood. This complexity further

complicates diagnostic precision for both primary care physicians and specialists, emphasizing the

need for more reliable diagnostic tools and criteria[19][20].

The therapeutic management of CFS is as challenging as its diagnosis. Current therapeutic consensus

recommends two primary interventions: graded exercise therapy (GET) and cognitive behavioral

therapy (CBT). While both are considered safe, their e�ectiveness remains limited. Alternative
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approaches, such as anti-in�ammatory diets supplemented with antioxidants, have demonstrated

some bene�ts, though no pharmacological treatment has yet achieved “gold standard” status.

Antidepressants and neurostimulants, including selective serotonin reuptake inhibitors (SSRIs),

methylphenidate, moda�nil, and ca�eine, have been used with mixed results. CFS remains a complex

condition with unclear etiology, challenging diagnostic criteria, and limited treatment options,

potentially a�ecting a larger population than previously recognized[21][22][23].

The social cost of CFS is substantial. Some studies estimate that individual medical expenses may

exceed $8,000 USD per year, while productivity losses associated with the condition could reach up to

$24 billion USD annually. Beyond its profound impact on patients’ quality of life, the lack of societal

understanding and acceptance often leads to stigmatization, which can exacerbate symptoms. Despite

these challenges, further research is needed to accurately determine the full social and economic

burden of CFS[1][24][25][26].

There is substantial evidence implicating hypothalamic-pituitary-adrenal (HPA) axis dysfunction in

the pathophysiology of CFS[23][27][28][29]. The orexinergic system plays a determinant role in

hypothalamic function, regulating the sleep-wake cycle, arousal, appetite, chronic pain, stress-

induced disorders, and in�ammatory responses. All these elements are dysregulated in CFS,

suggesting a potential involvement of the orexinergic system in CFS-associated hypothalamic

dysfunction[30][31][32][33]. This hypothesis could have signi�cant implications for the diagnosis and

treatment of CFS, as well as contribute to a better understanding of its etiopathogenesis.

This study aims to thoroughly compile evidence on the role of the orexinergic system in hypothalamic

dysfunction associated with CFS. To achieve this, we will conduct a comprehensive literature review,

focusing on key publications that demonstrate the direct or indirect in�uence of the orexinergic

system on CFS etiology and clinical manifestations. The gathered information will be analyzed

qualitatively and interpreted within an integrative clinical framework to assess its diagnostic and

therapeutic potential, with an emphasis on precision and translational medicine.

2. The Hypothalamus and Homeostatic Regulation

2.1. Overview of Hypothalamic Anatomy and Key Nuclei

The hypothalamus, a small but complex structure within the diencephalon, maintains homeostasis by

integrating autonomic and endocrine stimuli, directly in�uencing behavioral responses. The
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hypothalamus is involved in a diverse range of functions, including energy balance, thermoregulation,

circadian rhythm regulation, stress response, and emotional processing. These functions are mediated

through extensive connections with the limbic system, brainstem, and pituitary gland[34][35].

From an anatomical perspective, the hypothalamus is located beneath the thalamus, at the base of the

brain, surrounding the third cerebral ventricle. It can be divided into three main regions: anterior

(preoptic), tuberal (middle), and posterior (mammillary). Additionally, it can be further classi�ed into

medial and lateral zones, each containing distinct functional nuclei[35].

The regulation of the sleep-wake cycle is a complex physiological process that originates in the

suprachiasmatic nucleus (SCN) and is further modulated by the ventrolateral preoptic nucleus (VLPO)

and the lateral hypothalamic area (LH). The SCN functions as a circadian pacemaker, synchronizing

biological rhythms according to the light-dark cycle. This is achieved through direct input from the

retina via the retinohypothalamic tract. Also, the SCN regulates the production and release of

melatonin by the pineal gland, in�uencing sleep timing and circadian rhythm stability[36][37].

Sleep induction is modulated by the VLPO, which inhibits neurons of the ascending reticular system

(ARS) located in the brainstem and hypothalamus. This nucleus releases gamma-aminobutyric acid

(GABA) and galanin, suppressing the activity of the tuberomammillary nucleus (TMN), locus

coeruleus (LC), and dorsal raphe nucleus (DRN)—all components of the ARS, a key monoaminergic

center involved in wakefulness regulation[34][38].

Finally, the LH is responsible for wakefulness and maintaining arousal, primarily through the action

of orexinergic neurons, which stabilize wakefulness and prevent sleep fragmentation. The projections

of orexin-producing neurons reach the ARS, stimulating monoamine production and further

regulating arousal, motivation, and metabolic activity. Consequently, orexin de�ciency is strongly

associated with narcolepsy, and in the most severe cases, with cataplexy[39][40][41].

2.2. Regulatory Roles in Sleep-Wake Cycles and Energy Balance

The energy balance regulated by the hypothalamus controls caloric intake, expenditure, and storage

through the integration of circulating hormonal signals and neural circuits. Several hypothalamic

regions, including the arcuate nucleus (ARC), ventromedial hypothalamus (VMH), dorsomedial

hypothalamus (DMH), and LH, play key roles in the regulation of appetite, satiety, and metabolic

activity.
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ARC area contains two distinct neuronal populations: a) orexigenic, Agouti-related peptide (AgRP)

and neuropeptide Y (NPY) neurons, which stimulate appetite by inhibiting satiety signals; b)

anorexigenic, pro-opiomelanocortin (POMC) and cocaine- and amphetamine-regulated transcript

(CART) neurons, which suppress appetite and enhance energy expenditure. The hormones leptin,

insulin, and ghrelin are regulated through integrated signaling within the ARC, in�uencing energy

homeostasis[42][43].

The area of VMH functions as the satiety center. Lesions in this nucleus lead to hyperphagia and severe

obesity, as the VMH plays a critical role in modulating glucose metabolism and energy storage.

Additionally, it exerts a sympathetic e�ect, in�uencing autonomic and metabolic regulation[44][45].

Again, LH plays a role in this regulatory circuit by stimulating appetite through the activation of

orexinergic and melanin-concentrating hormone (MCH) neurons. Additionally, LH neurons interact

with the dopaminergic system via the mesolimbic pathway, reinforcing reward-driven feeding

behavior and motivation for food intake[46].

There is a fundamental interaction between sleep regulation and energy balance through the

integration of the previously mentioned control centers. Chronic sleep deprivation leads to increased

ghrelin levels and reduced leptin levels, resulting in increased appetite and weight gain. Moreover,

sleep loss disrupts HPA axis function, leading to elevated cortisol secretion and increased plasmatic

cortisol levels. This alteration further contributes to fat storage and insulin resistance, exacerbating

metabolic dysfunction[47].

Since orexinergic neurons regulate both wakefulness and energy balance, a strong link is proposed

between sleep regulation and metabolic homeostasis. Consequently, dysfunction of the orexinergic

system is associated with sleep disorders and metabolic diseases, highlighting its central role in

maintaining physiological equilibrium[48][49].

3. Orexinergic Signaling: Biology and Function

3.1. Structure and Distribution of Orexin Peptides

Orexin peptides, orexin-A (OXA) and orexin-B (OXB), also called hypocretins-1 and -2, are

synthesized from prepro-orexin, a protein encoded by the HCRT gene. OXA consists of 33 amino acids
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and contains two intramolecular disul�de bonds, enhancing its stability, while OXB is composed of 28

amino acids with a linear structure[49].

Orexinergic neurons are exclusively located in the LH but project widely to the cortex, brainstem, and

limbic system. Their projections to the ARS regulate wakefulness, while connections with the PVN,

ARC, and VMH in�uence metabolic control. Involvement in emotional processing and reward occurs

through projections to the amygdala and nucleus accumbens (NAc). Additionally, orexinergic neurons

modulate monoaminergic activity via connections with the LC, DRN, and TMN[48][39][40].

3.2. Downstream Signaling Pathways

Both orexin receptors are G-protein-coupled receptors (GPCRs). OX1R primarily activates Gq/11

proteins, whereas OX2R can signal through both Gq/11 and Gi/o pathways, allowing for diverse

intracellular signaling mechanisms[49]. Therefore, both receptors can activate the phospholipase C

(PLC) pathway, leading to an increase in intracellular calcium levels and the subsequent activation of

protein kinase C (PKC)[50]. The adenylate cyclase (AC) pathway is inhibited by OX2R activation of Gi/o,

leading to a reduction in cyclic adenosine monophosphate (cAMP) levels and modulating

neurotransmitter release[51]. The mitogen-activated protein kinase (MAPK) pathway is activated by

both orexins, regulating gene expression, promoting neuroprotection, and enhancing synaptic

plasticity[52].

3.3. Physiological Roles of Orexin in Arousal, Feeding, and Metabolism

Physiologically, orexins stabilize wakefulness by activating monoaminergic and cholinergic systems

in the LC, DRN, and TMN. This prevents sleep fragmentation and enhances cognitive alertness. As

previously mentioned, orexin de�ciency leads to narcolepsy and cataplexy[49][53]. Simultaneously,

orexins stimulate appetite by activating orexigenic neurons (AgRP/NPY) in the ARC and inhibiting

anorexigenic neurons (POMC/CART). They also interact with the dopaminergic system (NAc),

reinforcing food-seeking behavior[54]. Finally, orexins increase basal energy expenditure by

modulating sympathetic activity and glucose metabolism in the VMH. They promote lipidic β-

oxidation, thermogenesis, and insulin sensitivity[55].
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3.4. Orexin’s In�uence on the Autonomic Nervous System and Stress Response

As previously mentioned, orexins regulate sympathetic and parasympathetic activity through their

connections with the ARS. Increased orexinergic activity enhances sympathetic output, facilitating

cardiovascular and metabolic adaptation[56]. Orexins also activate the HPA axis by stimulating

corticotropin-releasing neurons in the PVN, leading to cortisol release. This response normally

enhances alertness, wakefulness, and adaptive energy mobilization, but when dysregulated, it

contributes to chronic stress and anxiety-related disorders[57].

4. Hypothalamic Dysfunction in Chronic Fatigue Syndrome:

Evidence and Insights

4.1. Neuroimaging Findings and Structural Alterations in CFS

Neuroimaging studies in CFS patients show reduced cortical volume in the frontal and temporal lobes,

sometimes with gray matter hypodensity in the prefrontal cortex, correlating with cognitive

impairment and fatigue severity[6][58].

In the hypothalamus, volume loss suggests HPA axis dysregulation, contributing to neuroendocrine

dysfunction and the persistence of fatigue or post-exertional malaise[59].

Reduced fractional anisotropy (FA) in the inferior frontoparietal fasciculus and corpus callosum

indicates white matter integrity loss, a�ecting attention, executive function, and pain processing[60].

Altered functional connectivity in the default mode network (DMN) suggests impaired cognitive

control and autonomic regulation, possibly explaining post-exertional malaise[61].

4.2. Neuroendocrine Abnormalities: HPA Axis and Beyond

CFS is associated with hypoactivity of the HPA axis, leading to blunted cortisol responses and impaired

stress adaptation[28]. Reduced CRH secretion from the PVN contributes to fatigue, immune

dysfunction, and autonomic dysregulation[29]. Dysfunction in the autonomic nervous system results

in reduced catecholamine levels, a�ecting vascular tone, blood pressure regulation, and postural

control, commonly seen in orthostatic intolerance and postural orthostatic tachycardia syndrome

(POTS)[62]. Other neuroendocrine pathways are also disrupted. Some studies suggest alterations in the
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thyroid axis, particularly low T3 syndrome without primary hypothyroidism[63]. Patients with

�bromyalgia exhibit changes in the growth hormone (GH) axis, including altered insulin-like growth

factor-1 (IGF-1) levels, which may a�ect muscle recovery and energy metabolism. However, these

changes are not signi�cant in CFS/ME patients[64]. Finally, imbalances in ghrelin and leptin

regulation, with increased ghrelin and decreased leptin, may contribute to appetite dysregulation and

fatigue[65].

4.3. Relationship between Fatigue, Sleep Disturbances, and Orexin Signaling

Sleep-wake disturbances and circadian rhythm alterations are commonly reported in CFS and other

conditions a�ecting hypothalamic function. Patients often exhibit delayed sleep onset, fragmented

sleep, and non-restorative sleep, which contribute to daytime fatigue and cognitive impairment[66].

Circadian rhythmicity changes in CFS include altered melatonin secretion patterns and dysregulated

core body temperature rhythms, indicating a desynchronization of the SCN, the central circadian

pacemaker[67]. Moreover, HPA axis dysfunction and orexinergic dysregulation may exacerbate sleep

fragmentation and excessive daytime sleepiness[68]. Neuroimaging and polysomnographic studies

suggest reduced slow-wave sleep (SWS) and disrupted REM sleep architecture, further supporting the

hypothesis that CFS involves impairments in sleep homeostasis and circadian regulation[69].

5. The Orexinergic Dysregulation in Chronic Fatigue Syndrome

5.1. Unifying Hypotheses Linking Orexin to CFS Pathophysiology

Dysfunction of the orexinergic system has been implicated in several neurodegenerative diseases and

may contribute to symptoms such as fatigue and sleep disturbances[70][71]. In patients with

hypersomnolence, systemic exertion intolerance disease (SEID) is a common comorbidity, potentially

linked to orexinergic dysfunction[72]. Hypothalamic involvement, including altered orexin levels, has

been observed in conditions like multiple sclerosis and systemic lupus erythematosus, suggesting a

potential role in fatigue and excessive daytime sleepiness[73][74]. Furthermore, orexinergic

dysfunction could lead to impaired energy regulation and autonomic instability, both of which are

observed in patients with ME/CFS/SEID[75]. The orexinergic system's involvement in autonomic

regulation suggests that its dysfunction may contribute to the characteristic symptoms of these

syndromes, including fatigue and exercise intolerance.
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The ESSENCE study explores orexin/hypocretin system dysfunction in neurodevelopmental disorders

(NDDs) such as attention-de�cit/hyperactivity disorder (ADHD) and autism spectrum disorder (ASD),

suggesting a potential role in arousal, wakefulness, sleep regulation, motor control, emotional

processing, and cognition. While orexin dysfunction has been implicated in psychiatric and

neurological disorders, including narcolepsy and metabolic dysregulation, its role in CFS remains

uncertain and unveri�ed. The study emphasizes the need for systematic research to clarify orexin’s

involvement in neurodevelopmental symptoms and its potential therapeutic implications[76].

While orexin is involved in sleep regulation and metabolic processes, studies directly assessing its role

in CFS are currently nonexistent. Disruptions in orexin signaling have been implicated in excessive

daytime sleepiness, fragmented sleep, and metabolic dysregulation[49]. Despite chronic fatigue

syndrome being characterized by persistent fatigue and unrefreshing sleep, literature evidence linking

orexinergic system dysfunction to CFS is lacking. However, research on narcolepsy and other sleep

disorders has demonstrated that orexin de�ciency leads to excessive fatigue and disrupted sleep

architecture, suggesting a potential but unproven connection[76].

Orexins strongly stimulate monoaminergic systems, including the LC noradrenergic, DRN

serotonergic, and tuberomammillary histaminergic pathways, promoting wakefulness and

alertness[77]. They also enhance dopaminergic activity in the ventral tegmental area (VTA),

in�uencing motivation and reward processing. In contrast, orexins inhibit GABAergic neurons in the

preoptic hypothalamus, reducing sleep drive and stabilizing wake states[49].

Beyond sleep, orexinergic modulation extends to cholinergic networks, particularly in the

pedunculopontine and laterodorsal tegmental nuclei, which regulate REM sleep and cortical

activation. These interactions highlight orexin’s role as a central integrator of arousal, motivation,

and energy balance, reinforcing its relevance in sleep disorders and metabolic dysfunction[77].

The interplay between the orexinergic system and in�ammatory processes also warrants attention.

CFS is often associated with immune dysregulation and elevated levels of pro-in�ammatory

cytokines[75]. The orexin system interacts with in�ammatory pathways, suggesting that

in�ammation may further disrupt orexin signaling, creating a vicious cycle of fatigue and immune

activation[78]. Also, orexins participate in modulating the HPA axis, with OX2R activation speci�cally

regulating HPA axis responses to acute and repeated stress[32][79].
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6. Integrative Models of Hypothalamic and Orexinergic

Dysregulation in Chronic Fatigue Syndrome

6.1. Potential Feedback Loops: Stress, Immune Dysregulation, and Neuroin�ammation

Research indicates that alterations in orexin levels may correlate with the severity of fatigue and sleep

disturbances, both commonly reported in CFS[80]. Additionally, dysfunction of the HPA axis, which is

closely linked to orexin signaling, has been observed in CFS patients, manifesting as hypocortisolism

and impaired stress responses[28][29]. This dysregulation may contribute to the chronic fatigue and

cognitive impairments characteristic of the syndrome[23][27]. In�ammatory processes, including

elevated cytokine levels, may further disrupt orexin signaling, suggesting a complex interplay

between neuroin�ammation and orexinergic dysfunction in CFS[75][81]. Elevated pro-in�ammatory

cytokines can impair orexin neuron activity, creating a vicious cycle where in�ammation suppresses

orexin function, leading to worsened fatigue and immune hyperactivation[82]. The integration of

orexin signaling with hypothalamic function and immune responses provides a compelling

framework for understanding the multifaceted nature of CFS/ME, highlighting potential therapeutic

targets within the orexin system[70][78].

CFS may involve self-perpetuating feedback loops linking stress, immune dysregulation, and

neuroin�ammation, contributing to persistent fatigue and autonomic dysfunction. Stressors can

activate the HPA axis, leading to increased cortisol production, which may initially seem adaptive but

can become maladaptive with chronic exposure, potentially resulting in hypocortisolism and altered

immune responses[5][27]. This dysregulation can exacerbate in�ammation, as evidenced by elevated

pro-in�ammatory cytokines such as IL-6 and TNF-α, which are frequently observed in CFS

patients[75][80]. Blunted cortisol responses and hypoactivity of corticotropin-releasing hormone

(CRH) neurons in the paraventricular nucleus (PVN) may lead to reduced cortisol output, further

impairing immune regulation and prolonging immune activation[9][29]. Chronic in�ammation can, in

turn, disrupt orexinergic signaling, exacerbating fatigue and impairing wakefulness regulation[83][84].

Neuroin�ammation, driven by immune dysregulation, may further impair hypothalamic function,

disrupting the balance of neuropeptides like orexin, which are crucial for regulating energy

homeostasis and sleep-wake cycles[85][86]. The resulting orexin de�ciency can lead to increased
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fatigue and cognitive dysfunction, creating another vicious cycle where fatigue exacerbates stress

responses, further impairing immune function and promoting neuroin�ammation[78][80]. Moreover,

neuroin�ammation may reinforce this cycle by sensitizing microglia and astrocytes, increasing the

release of pro-in�ammatory mediators that suppress orexin neuron activity in the LH[87]. This

process could lead to worsened sleep disturbances, autonomic dysfunction, and cognitive impairment,

creating a self-sustaining loop of immune activation and neuroendocrine dysregulation[88].

Understanding these interconnected pathways is essential for developing targeted interventions that

address the underlying mechanisms of CFS/ME.

6.2. Incorporation of Metabolic and Sleep-Wake Mechanisms

Abnormal orexin levels have been associated with sleep disturbances and metabolic dysfunctions

commonly observed in CFS patients[80][89]. Poor sleep quality correlates with increased pro-

in�ammatory cytokines, which may exacerbate fatigue and cognitive impairments[80]. Dysregulation

of the HPA axis can contribute to chronic stress, further disrupting sleep patterns and metabolic

homeostasis[90]. The interaction between these systems suggests that addressing both metabolic and

sleep-wake mechanisms may be essential for developing e�ective interventions for CFS/ME[91].

Impaired glucose metabolism and lipid oxidation have been observed in CFS, suggesting an imbalance

in energy homeostasis[92]. Orexins, which stimulate sympathetic nervous system activity and

modulate insulin sensitivity, may be compromised in CFS, potentially contributing to mitochondrial

dysfunction and reduced ATP production[93]. This could explain persistent fatigue and exercise

intolerance, hallmark symptoms of CFS.

Disruptions in circadian rhythms may further exacerbate metabolic and sleep disturbances. The SCN,

which regulates sleep-wake cycles and hormone secretion, interacts with orexin neurons to

synchronize arousal states[94]. Altered melatonin secretion and dysregulated HPA axis activity may

lead to fragmented sleep and unrefreshing rest, worsening fatigue and impairing daytime

function[95].

Finally, the abnormal network of interactions between orexin signaling, sleep disturbances, and

metabolic dysregulation highlights the complexity of CFS/ME, indicating that therapeutic strategies

should target these interconnected pathways to alleviate symptoms and improve patient outcomes[78]

[96].
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7. Clinical Implications and Therapeutic Perspectives

7.1. Biomarkers of Hypothalamic and Orexinergic Dysfunction

Identifying reliable biomarkers of hypothalamic and orexinergic dysfunction is essential for

understanding their role in CFS and related disorders. Several potential biomarkers have been

explored via CSF analysis, neuroimaging studies, and endocrine markers. Dysfunctions in this system

have been linked to various neurodegenerative diseases and conditions characterized by fatigue[70]

[71]. Research suggests that alterations in orexin levels may serve as potential biomarkers for

hypothalamic dysfunction, with CSF orexin concentrations correlating with sleep disturbances and

cognitive impairments in CFS/ME patients[29]. Additionally, hypothalamic-pituitary-adrenal (HPA)

axis dysfunction, characterized by hypocortisolism and altered cortisol rhythms, is frequently

observed in CFS patients and may serve as a biomarker for disease severity[27][28].

Neuroimaging studies indicate reduced hypothalamic volume and altered functional connectivity in

CFS, particularly in the hypothalamus and brainstem regions that regulate orexinergic pathways[97].

MRI and PET scans assessing hypothalamic integrity could serve as potential biomarkers for CFS-

related orexin dysfunction. Additionally, voxel-based morphometry has revealed alterations in gray

and white matter volumes in brain regions linked to energy regulation and sleep[15][16]. While some

studies suggest that neuroin�ammatory markers, such as increased levels of pro-in�ammatory

cytokines, may be associated with hypothalamic dysfunction, their reliability as biomarkers for

CFS/ME remains inconclusive[75][98]. Integrating neuroimaging techniques with biomarker analysis

could provide a comprehensive understanding of disease mechanisms and improve diagnostic

accuracy.

CSF orexin-A concentrations have been investigated as a biomarker for narcolepsy, but �ndings in

CFS remain inconsistent. While some studies report normal orexin levels, others suggest subtle

alterations that may re�ect dysregulated wakefulness regulation[92][93]. Since orexin neurons

regulate the HPA axis, abnormalities in cortisol secretion may indicate hypothalamic dysfunction.

Many CFS patients exhibit blunted cortisol responses and altered diurnal rhythms, suggesting

impaired HPA regulation[28]. Chronic in�ammation and immune dysregulation may also suppress

orexinergic activity. Poor sleep quality in CFS patients correlates with elevated levels of circulating

pro-in�ammatory cytokines, including IL-1β, IL-6, and TNF-α, suggesting that sleep disturbances
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may exacerbate immune dysregulation[80]. Also, increased levels of IFN-γ, IL-10, and IL-5 have been

reported[9]. However, further research is needed, as no systematic study has established a consistent

baseline di�erence in the CFS cytokine pro�le[8].

Beyond neuroimaging and molecular biomarkers, behavioral and physiological indicators provide

further insights into hypothalamic and orexinergic dysfunction in CFS/ME. Altered sleep patterns,

including fragmented sleep architecture and non-restorative sleep, are common in CFS/ME and have

been linked to disruptions in orexin signaling[99]. Additionally, autonomic nervous system

dysfunction, which is regulated in part by the hypothalamus, has been observed in CFS/ME patients,

manifesting as abnormal heart rate variability and blood pressure regulation[90]. These �ndings

suggest that a multifactorial approach, incorporating hormonal, neuroimaging, and physiological

markers, may enhance our understanding of CFS/ME pathophysiology.

Advancements in technology, such as wearable devices and mobile health applications, o�er

promising tools for real-time symptom monitoring and biomarker assessment. These technologies

enable continuous tracking of sleep patterns, activity levels, and physiological responses, allowing for

more precise evaluation of hypothalamic and orexinergic dysfunction[100]. As digital health solutions

become more sophisticated, they may facilitate earlier identi�cation of biomarkers and improve

disease characterization.

Biomarkers of hypothalamic and orexinergic dysfunction in CFS/ME, including altered orexin levels,

HPA axis dysregulation, neuroimaging �ndings, and in�ammatory cytokine pro�les, hold promise for

improving diagnostic accuracy and advancing our understanding of disease mechanisms. Future

research should focus on re�ning these biomarkers, integrating novel imaging techniques and digital

monitoring tools, and exploring the complex interplay between hypothalamic function, orexin

signaling, and systemic in�ammation in CFS/ME.

7.2. Pharmacological Modulation of Orexin Receptors

Pharmacological modulation of orexin receptors represents a promising approach for managing

symptoms of CFS/ME. The orexinergic system, which regulates wakefulness, energy metabolism, and

stress responses, has been implicated in the pathophysiology of these conditions.

Orexin receptor antagonists, such as daridorexant and lemborexant, have shown potential in

improving sleep quality and reducing fatigue in patients with insomnia, a common comorbidity in
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CFS/ME[101][102]. These dual orexin receptor antagonists (DO-RAs) block orexin signaling, promoting

sleep without the adverse e�ects typically associated with traditional sedatives[103].

Another class of drugs, wakefulness-promoting agents like moda�nil, has been investigated for its

potential bene�ts in CFS/ME. Moda�nil enhances orexin signaling, potentially improving alertness

and reducing fatigue[85]. Studies suggest that moda�nil stimulates speci�c hypothalamic circuits,

promoting adaptive stress responses and alleviating cognitive impairments associated with

CFS/ME[104]. Thus, orexin modulation via moda�nil may o�er a dual bene�t: enhancing wakefulness

while addressing orexinergic dysfunction observed in CFS/ME[85].

In clinical practice, improvements in fatigue symptoms, metabolic function, and motivation, along

with a reduced frequency of post-exertional malaise, have been reported with low-dose moda�nil

(100 mg) combined with non-pharmacological interventions, including Cognitive Behavioral Therapy

(CBT), an anti-in�ammatory diet, gradual exercise, and antioxidant therapy[6][104][105].

By contrast, the interaction between orexin receptors and in�ammatory cytokines adds complexity to

CFS/ME management. Research suggests that orexin signaling may exert anti-in�ammatory e�ects,

indicating that targeting the orexin system could help mitigate the neuroin�ammation commonly

observed in these conditions[78][106]. This underscores the potential of personalized medicine

approaches that integrate pharmacological orexin modulation with immune regulation in CFS/ME

patients.

Therefore, orexin receptor modulation, particularly through orexin receptor antagonists and

wakefulness-promoting agents like moda�nil, presents a promising strategy for managing the

multifaceted symptoms of CFS and ME. Further research is needed to optimize these interventions and

evaluate their long-term e�cacy and safety in diverse patient populations.

7.3. Behavioral and Lifestyle Interventions Targeting Sleep and Energy Balance

Behavioral and lifestyle interventions targeting sleep and energy balance are essential for managing

CFS/ME. These strategies can signi�cantly enhance quality of life by addressing sleep disturbances

and energy regulation.

One e�ective approach is CBT, which has been shown to promote healthier lifestyle habits. Macovei et

al.[107] found that CBT e�ectively reduces fatigue in patients with rheumatic disorders, suggesting its

potential applicability to CFS/ME. Furthermore, lifestyle modi�cations, such as regular physical
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activity, can improve energy levels and sleep quality. Rozich et al.[108]  highlights that recreational

exercise reduces fatigue and improves clinical outcomes in patients with in�ammatory bowel disease,

indicating a broader role for physical activity in fatigue-related conditions.

Sleep hygiene practices are also critical in CFS/ME management. Establishing a consistent sleep

schedule and creating a restful sleep environment can help alleviate fatigue symptoms. Wendt et al.

[109]  emphasize that sleep disturbances are closely linked to daytime fatigue, and addressing these

issues through behavioral interventions can lead to signi�cant health improvements. Moreover, the

Energy Envelope Theory suggests that pacing activities to stay within individual energy limits may

help prevent post-exertional malaise and enhance energy management[110].

Nutrition also plays a crucial role in energy balance and overall well-being. A balanced diet can help

stabilize energy levels and improve sleep quality. Integrating dietary interventions with physical

activity and sleep hygiene provides a comprehensive approach to CFS/ME management. For instance,

the SYNCHRONIZE study protocol evaluates the e�ectiveness of a multidisciplinary intervention

incorporating nutritional guidance, chronobiology, and physical exercise in patients with

�bromyalgia and CFS[111].

As previously discussed, behavioral and lifestyle interventions focusing on sleep hygiene, physical

activity, and nutrition are fundamental to CFS and ME management. These strategies not only

improve sleep quality and energy balance but also enhance overall quality of life. Future research

should further investigate their e�cacy across diverse populations to establish standardized

treatment protocols.

7.4. Personalized Medicine Approaches

Personalized medicine approaches for CFS/ME are increasingly recognized as essential for e�ective

management and treatment. Integrating biomarkers, genetic factors, and individualized therapeutic

strategies may enhance patient outcomes.

For instance, Milrad et al.[80]  emphasize the importance of identifying neuroendocrine and mood-

related indicators to optimize interventions such as CBT for sleep disturbances, which are prevalent in

CFS patients. Similarly, Fluge et al.[112]  highlight metabolic pro�ling as a promising avenue,

identifying impaired pyruvate dehydrogenase function in CFS, which could guide targeted metabolic

interventions.
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Furthermore, HPA axis dysfunction is well-documented in CFS, suggesting that personalized

treatments could focus on restoring hormonal balance[28][29]. Also, the orexinergic system’s role in

sleep-wake regulation presents another target for personalized therapies. Research suggests that

orexin receptor antagonists may o�er novel treatment options for CFS-related sleep disturbances[101].

Overall, a personalized medicine approach that integrates metabolic, neuroendocrine, and orexinergic

factors could signi�cantly improve CFS/ME management, tailoring interventions to individual patient

pro�les and enhancing treatment e�cacy[91][113].

8. Future Directions in Research

8.1. Advanced Neuroimaging Techniques for Hypothalamic Assessment

Advanced neuroimaging techniques are increasingly pivotal in assessing hypothalamic function,

particularly in CFS/ME. Methods such as functional magnetic resonance imaging (fMRI) and di�usion

tensor imaging (DTI) enable the visualization of brain structures and connectivity, providing insights

into the hypothalamus’s role in energy regulation and sleep-wake cycles[114].

Research suggests that altered hypothalamic activity can signi�cantly impact orexin production,

which is essential for maintaining wakefulness and energy balance. For instance, studies on

narcolepsy have shown that the loss of hypocretin-producing neurons in the hypothalamus correlates

with sleep disturbances, underscoring its role in sleep regulation[115]. Moreover, advanced

neuroimaging may help identify structural changes in the hypothalamus associated with

neuroin�ammatory processes, which are often observed in CFS/ME. However, direct evidence linking

neuroin�ammation in CFS/ME to hypothalamic imaging �ndings remains limited[116].

The integration of machine learning with neuroimaging data further enhances the ability to analyze

complex brain activity and structural patterns, potentially leading to personalized treatment

strategies[117][118]. This approach may help identify neurobiological markers associated with

hypothalamic dysfunction, paving the way for targeted interventions tailored to the unique needs of

CFS/ME patients[119].

Summarizing, advanced neuroimaging techniques provide valuable insights into hypothalamic

function and its role in CFS and ME. By elucidating the neurobiological underpinnings of these
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conditions, neuroimaging can inform personalized medicine approaches, ultimately improving

patient outcomes.

8.2. Longitudinal Studies and Large-Scale Cohorts

These studies are essential for understanding the pathophysiology of CFS/ME. These studies provide

critical insights into the temporal dynamics of hypothalamic dysfunction, neuroin�ammation, and

orexinergic system involvement in these conditions.

For instance, Byrne et al.[120] emphasizes the need for replicating �ndings on hypothalamic volumes

and their association with fatigue severity and illness duration in larger longitudinal cohorts. Such

research can clarify how chronic stress and in�ammation a�ect hypothalamic function over time,

potentially guiding the development of targeted interventions.

Moreover, longitudinal studies can help identify biomarkers correlated with symptom severity and

disease progression. Corbitt et al.[75] highlights the importance of cytokine pro�les in understanding

immune dysregulation in CFS/ME, suggesting that longitudinal designs could clarify the relationship

between cytokine levels and clinical outcomes. Similarly, Finkelmeyer et al.[16]  demonstrate how

neuroimaging studies tracking brain changes over time can reveal structural and functional

alterations associated with fatigue and cognitive dysfunction.

The integration of neuroimaging techniques with longitudinal data further enhances our

understanding of the neurobiological underpinnings of CFS/ME. For example, studies utilizing voxel-

based morphometry to assess gray and white matter changes in CFS patients over time provide

valuable insights into disease progression and its impact on brain structure[16].

At present, longitudinal studies and large-scale cohorts are essential for advancing knowledge of CFS,

identifying biomarkers, and guiding the development of e�ective therapeutic strategies.

8.3. Translational Opportunities and Novel Therapeutic Targets

Translational research in CFS/ME increasingly focuses on novel therapeutic targets, particularly those

related to sleep and energy regulation. The orexinergic system, which plays a crucial role in sleep-

wake cycles and energy balance, has emerged as a promising target for pharmacological interventions.

Ghanemi and Hu[121]  highlight that orexin receptors are key players in sleep-wake disorder
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treatments, suggesting that targeting this system could lead to e�ective therapies for CFS/ME patients

experiencing fatigue and sleep disturbances.

Moreover, the integration of behavioral and lifestyle interventions, such as Cognitive Behavioral

Therapy for Insomnia (CBT-I), o�ers additional opportunities to improve sleep quality and overall

health in CFS/ME populations. Smyth[122] reports that such interventions signi�cantly enhance sleep

outcomes and reduce fatigue, thereby improving quality of life. The potential for personalized

interventions that combine pharmacological and behavioral strategies is particularly noteworthy, as

they address the unique needs of each patient[123].

Furthermore, advancements in technology, such as mobile health applications and wearable devices,

provide innovative platforms for monitoring sleep patterns and implementing interventions. These

tools enable real-time feedback and personalized treatment adjustments, improving adherence and

e�ectiveness[100]. The integration of such technologies with traditional therapeutic approaches

represents a signi�cant advancement in CFS/ME management.

The exploration of novel therapeutic targets, particularly within the orexinergic system, alongside

behavioral interventions and technological advancements, presents substantial translational

opportunities for improving CFS/ME outcomes. Continued research in these areas is essential for

developing e�ective, personalized treatment strategies that address the multifaceted nature of these

conditions[124][125].

9. Discussion

9.1. Summary of Key Findings

The present review outlines how hypothalamic and orexinergic dysfunction may underlie crucial

facets of CFS/ME, including sleep disturbances, metabolic dysregulation, and autonomic instability.

Speci�cally, evidence suggests that (1) neuroimaging abnormalities (e.g., altered hypothalamic

volume, reduced white matter integrity) correlate with symptom severity; (2) HPA axis hypoactivity

and associated hormonal imbalances could perpetuate fatigue; and (3) orexinergic dysregulation

might further compromise wakefulness and energy regulation, potentially exacerbating in�ammation

and immune dysfunction. These interlinked processes reinforce the complexity of CFS/ME,

highlighting a multifactorial etiology that demands integrated diagnostic and therapeutic

frameworks[28][29].
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9.2. Critical Appraisal and Mechanistic Implications

A major strength of the reviewed literature is its broad scope, addressing immune function,

neuroendocrine pathways, and the neural underpinnings of fatigue[70][75]. Yet critical appraisal

reveals ongoing challenges:

1. Heterogeneity of Criteria and Cohorts. Multiple diagnostic criteria are employed across studies

(e.g., Fukuda, Canadian Consensus), creating patient samples with varied clinical pro�les. This

heterogeneity can obscure robust biomarker discovery and confound comparisons between

investigations[20].

2. Limited Direct Evidence of Orexin Alterations in CFS/ME. Although preclinical and clinical

�ndings link orexin de�ciency to narcolepsy, fragmented sleep, and metabolic disruption, few

studies directly measure orexin levels in CFS/ME cohorts. The prevailing assumption of

orexinergic involvement remains more inferential than conclusive[49][76].

3. Sample Size and Power. Some of the cited studies utilize small cohorts, limiting statistical power

and the reproducibility of �ndings, particularly regarding neuroimaging and immunological

markers. Larger cohorts would bolster the reliability of associations between hypothalamic or

orexinergic dysfunction and speci�c clinical outcomes[120].

Despite these limitations, an emerging mechanistic framework posits that hypothalamic disruption—

via HPA axis dysregulation and de�cient orexin signaling—can initiate or perpetuate a cycle of

chronic in�ammation, reduced stress resilience, and disordered sleep-wake regulation[75][80]. This

cycle may be ampli�ed by compromised metabolic pathways, such as impaired glucose utilization or

mitochondrial dysfunction, thereby intensifying post-exertional malaise and autonomic

dysregulation[92][126].

9.3. Limitations of the Current Evidence Base

The synthesis presented also highlights methodological and conceptual challenges that constrain

de�nitive conclusions:

Inconsistent Biomarker Pro�les. While cytokine imbalances and cortisol abnormalities are

frequently reported, no single biomarker consistently distinguishes CFS/ME from other fatigue-

related or in�ammatory conditions[8][9].
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Temporal or Causal Relationships. Most studies are cross-sectional, making it di�cult to

determine whether hypothalamic or orexin changes precede, follow, or parallel disease

progression. Longitudinal designs are needed to establish causal inferences[16][120].

Comorbidities and Confounders. Many patients experience overlapping conditions (e.g.,

depression, �bromyalgia), which can distort neuroendocrine or immunologic readouts and

confound interpretations of hypothalamic function[64].

9.4. Research Opportunities Perspectives

Addressing these gaps requires more standardized diagnostic criteria, larger multi-center cohorts,

and advanced approaches (e.g., machine learning applied to neuroimaging) to clarify the interplay

between hypothalamic and orexinergic dysfunction. Longitudinal studies tracking shifts in HPA

hormones, orexin levels, and in�ammatory markers could identify prognostic indicators and reveal

windows for therapeutic intervention[75][114]. Additionally, controlled trials of orexin receptor

modulators, in combination with behavioral approaches (e.g., CBT, pacing), hold promise for

improving both daytime function and sleep quality in CFS/ME[101][102].

10. Conclusion

Mounting evidence supports a unifying model in which hypothalamic and orexinergic dysfunction

contribute to the core features of CFS/ME. Although data remain heterogeneous and sometimes

indirect, integrating neuroendocrine, immunological, and neuroimaging �ndings o�ers a compelling

rationale for continued exploration of orexin-centric therapies and robust biomarker discovery. By

synthesizing mechanistic insights from multiple disciplines, future research can more e�ectively

stratify patients, re�ne diagnostic criteria, and deliver targeted interventions that align with a

precision medicine paradigm.

References

1. a, bBeyond Myalgic Encephalomyelitis/Chronic Fatigue Syndrome: Rede�ning an Illness; National Acad

emies Press: Wash-ington, D.C., 2015; ISBN 978-0-309-31689-7.

2. ^Demitrack MA, Dale JK, Straus SE, Laue L, Listwak SJ, Kruesi MJP, Chrousos GP, Gold PW. Evidence for I

mpaired Activation of the Hypothalamic-Pituitary-Adrenal Axis in Patients with Chronic Fatigue Syndr

qeios.com doi.org/10.32388/ZOZBH7 20

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


ome. J. Clin. Endocrinol. Metab. 1991; 73: 1224–1234. doi:10.1210/jcem-73-6-1224.

3. ^Racciatti D, Guagnano MT, Vecchiet J, De Remigis PL, Pizzigallo E, Della Vecchia R, Di Sciascio T, Merlit

ti D, Sensi S. Chronic Fatigue Syndrome: Circadian Rhythm and Hypothalamic-Pituitary-Adrenal (HP

A) Axis Impairment. Int. J. Immunopathol. Pharmacol. 2001; 14: 11–15. doi:10.1177/03946320010140010

3.

4. ^Di Giorgio A, Hudson M, Jerjes W, Cleare AJ. 24-Hour Pituitary and Adrenal Hormone Pro�les in Chron

ic Fatigue Syndrome. Psychosom. Med. 2005; 67: 433–440. doi:10.1097/01.psy.0000161206.55324.8a.

5. a, bTomic S, Brkic S, Lendak D, Maric D, Medic-Stojanoska M, Novakov-Mikic A. Neuroendocrine Disord

er in Chronic Fatigue Syndrome. Turk. J. Med. Sci. 2017; 47: 1097–1103. doi:10.3906/sag-1601-110.

6. a, b, c, d, eLópez-Amador N. Systemic Exertion Intolerance Disease Associated to Neuroendocrine Dysfun

ction and Cortical Atrophy: A Case Report. Fam. Pract. 2023; 40: 195–199.

7. ^Klimas NG, Broderick G, Fletcher MA. Biomarkers for Chronic Fatigue. Brain. Behav. Immun. 2012; 26:

1202–1210. doi:10.1016/j.bbi.2012.06.006.

8. a, b, cBlundell S, Ray KK, Buckland M, White PD. Chronic Fatigue Syndrome and Circulating Cytokines: A

Systematic Review. Brain. Behav. Immun. 2015; 50: 186–195. doi:10.1016/j.bbi.2015.07.004.

9. a, b, c, dWong N, Nguyen T, Brenu EW, Broadley S, Staines D, Marshall-Gradisnik S. A Comparison of Cyt

okine Pro�les of Chronic Fatigue Syndrome/Myalgic Encephalomyelitis and Multiple Sclerosis Patients.

Int. J. Clin. Med. 2015; 6: 769–783. doi:10.4236/ijcm.2015.610103.

10. ^Cleare AJ, Miell J, Heap E, Sookdeo S, Young L, Malhi GS, O’Keane V. Hypothalamo-Pituitary-Adrenal

Axis Dysfunction in Chronic Fatigue Syndrome, and the E�ects of Low-Dose Hydrocortisone Therapy. J.

Clin. Endocrinol. Metab. 2001; 86: 3545–3554. doi:10.1210/jcem.86.8.7735.

11. ^Chen R, Liang F, Moriya J, Yamakawa J, Sumino H, Kanda T, Takahashi T. Chronic Fatigue Syndrome

and the Central Nervous System. J. Int. Med. Res. 2008; 36: 867–874. doi:10.1177/147323000803600501.

12. ^Puri BK, Jakeman PM, Agour M, Gunatilake KDR, Fernando KAC, Gurusinghe AI, Treasaden IH, Waldm

an AD, Gishen P. Regional Grey and White Matter Volumetric Changes in Myalgic Encephalomyelitis (Ch

ronic Fatigue Syndrome): A Voxel-Based Morphometry 3 T Mri Study. Br. J. Radiol. 2012; 85: e270–e27

3. doi:10.1259/bjr/93889091.

13. ^F., P.L.; J., K.; G., B.; P., H.; J., M.; I., T. Gray Matter Volume Reduction in the Chronic Fatigue Syndrome.

NeuroImage 2005, doi:10.1016/j.neuroimage.2005.02.037.

14. ^Prajjwal P. Association of Multiple Sclerosis With Chronic Fatigue Syndrome, Restless Legs Syndrome,

and Various Sleep Disorders, Along With the Recent Updates. Ann. Med. Surg. 2023, doi:10.1097/ms9.00

qeios.com doi.org/10.32388/ZOZBH7 21

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


00000000000929.

15. a, bByrne H, Knight SJ, Josev EK, Scheinberg A, Beare R, Yang JYM, Oldham S, Rowe K, Seal ML. Hypotha

lamus Connectivity in Adolescent Myalgic Encephalomyelitis/Chronic Fatigue Syndrome. J. Neurosci. Re

s. 2024; 102: e25392. doi:10.1002/jnr.25392.

16. a, b, c, d, eFinkelmeyer A, He J, Maclachlan L, Watson S, Gallagher P, Newton JL, Blamire AM. Grey and W

hite Matter Di�erences in Chronic Fatigue Syndrome – a Voxel-Based Morphometry Study. NeuroImag

e Clin. 2018; 17: 24–30. doi:10.1016/j.nicl.2017.09.024.

17. ^Barnden LR, Kwiatek R, Crouch B, Burnet R, Del Fante P. Autonomic Correlations with MRI Are Abnor

mal in the Brainstem Vasomotor Centre in Chronic Fatigue Syndrome. NeuroImage Clin. 2016; 11: 530–

537. doi:10.1016/j.nicl.2016.03.017.

18. ^Tang L, Zheng H, Liang C, Zhou S, Huang W, Li Y, Wu X. Gray Matter Volumes in Patients With Chronic

Fatigue Syndrome. Evid. Based Complement. Alternat. Med. 2015, doi:10.1155/2015/380615.

19. ^Sapra A, Bhandari P. Chronic Fatigue Syndrome. In StatPearls; StatPearls Publishing: Treasure Island

(FL), 2025.

20. a, bSon C-G. Di�erential Diagnosis Between “Chronic Fatigue” and “Chronic Fatigue Syndrome.” Integ

r. Med. Res. 2019; 8: 89–91. doi:10.1016/j.imr.2019.04.005.

21. ^Blondel-Hill E, Shafran SD. Treatment of the Chronic Fatigue Syndrome. Drugs 1993; 46: 639–651. doi:

10.2165/00003495-199346040-00005.

22. ^Castell BD, Kazantzis N, Moss-Morris RE. Cognitive Behavioral Therapy and Graded Exercise for Chron

ic Fatigue Syndrome: A Meta‐Analysis. Clin. Psychol. Sci. Pract. 2011; 18: 311–324. doi:10.1111/j.1468-285

0.2011.01262.x.

23. a, b, cZhang Y-D, Wang L-N. Research Progress in the Treatment of Chronic Fatigue Syndrome Through

Interventions Targeting the Hypothalamus-Pituitary-Adrenal Axis. Front. Endocrinol. 2024; 15: 137374

8. doi:10.3389/fendo.2024.1373748.

24. ^Jason LA, Benton MC, Valentine L, Johnson A, Torres-Harding S. The Economic Impact of ME/CFS: Indi

vidual and Societal Costs. Dyn. Med. 2008; 7: 6. doi:10.1186/1476-5918-7-6.

25. ^Reynolds KJ, Vernon SD, Bouchery E, Reeves WC. The Economic Impact of Chronic Fatigue Syndrome. C

ost E�. Resour. Alloc. 2004; 2: 4. doi:10.1186/1478-7547-2-4.

26. ^Fennell PA. CFS Sociocultural In�uences and Trauma: Clinical Considerations. J. Chronic Fatigue Syndr.

1995; 1: 159–173. doi:10.1300/J092v01n03_25.

qeios.com doi.org/10.32388/ZOZBH7 22

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


27. a, b, c, dMatthew Sorenson; Leonard A. Jason Dysregulation of the HPA Axis in Chronic Fatigue Syndrom

e. Adv. Neuro-immune Biol. 2013, doi:10.3233/nib-130071.

28. a, b, c, d, e, f, gAndrew Papadopoulos; Anthony J. Cleare Hypothalamic–Pituitary–Adrenal Axis Dysfuncti

on in Chronic Fatigue Syndrome. Nat. Rev. Endocrinol. 2011, doi:10.1038/nrendo.2011.153.

29. a, b, c, d, e, f, gCara Tomas; Julia L. Newton; Stuart Watson A Review of Hypothalamic-Pituitary-Adrenal

Axis Function in Chronic Fatigue Syndrome. Isrn Neurosci. 2013, doi:10.1155/2013/784520.

30. ^Henry Nick; Polina Fenik; Yan Zhu; Sigrid C. Veasey Hypocretin/Orexin In�uences Chronic Sleep Disrup

tion Injury in the Hippocampus. Front. Aging Neurosci. 2022, doi:10.3389/fnagi.2022.1025402.

31. ^Ian A. Clark, Bryce Vissel. In�ammation-Sleep Interface in Brain Disease: TNF, Insulin, Orexin. J. Neuro

in�ammation 2014. doi:10.1186/1742-2094-11-51.

32. a, bGrafe LA, Eacret D, Luz S, Gotter AL, Renger JJ, Winrow CJ, Bhatnagar S. Orexin 2 Receptor Regulatio

n of the Hypothalamic-Pituitary-Adrenal (HPA) Response to Acute and Repeated Stress. Neuroscience 2

017;348:313–323. doi:10.1016/j.neuroscience.2017.02.038.

33. ^Kaplan GB, Lakis GA, Zhoba H. Sleep-Wake and Arousal Dysfunctions in Post-Traumatic Stress Disord

er: Role of Orexin Systems. Brain Res. Bull. 2022;186:106–122. doi:10.1016/j.brainresbull.2022.05.006.

34. a, bSaper CB, Lowell BB. The Hypothalamus. Curr. Biol. 2014;24:R1111–R1116.

35. a, bHahn JD, Swanson LW. Distinct Patterns of Neuronal Inputs and Outputs of the Juxtaparaventricular

and Suprafornical Regions of the Lateral Hypothalamic Area. Brain Res. Rev. 2010;64:14–103.

36. ^Reppert SM, Weaver DR. Coordination of Circadian Timing in Mammals. Nature 2002;418:935–941.

37. ^Golombek DA, Rosenstein RE. Physiology of Circadian Entrainment. Physiol. Rev. 2010;90:1063–1102.

38. ^Fuller PM, Gooley JJ, Saper CB. Neurobiology of the Sleep-Wake Cycle: Sleep Architecture, Circadian Re

gulation, and Regulatory Feedback. J. Biol. Rhythms 2006;21:482–493.

39. a, bde Lecea L. Hypocretins and the Neurobiology of Sleep-Wake Mechanisms. Prog. Brain Res. 2012;19

8:15–24.

40. a, bSakurai T. The Role of Orexin in Motivated Behaviours. Nat. Rev. Neurosci. 2014;15:719–731. doi:10.1

038/nrn3837.

41. ^Peyron C, Tighe DK, van den Pol AN, de Lecea L, Heller HC, Sutcli�e JG, Kildu� TS. Neurons Containing

Hypocretin (Orexin) Project to Multiple Neuronal Systems. J. Neurosci. O�. J. Soc. Neurosci. 1998;18:9996

–10015. doi:10.1523/JNEUROSCI.18-23-09996.1998.

qeios.com doi.org/10.32388/ZOZBH7 23

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


42. ^Morton GJ, Cummings DE, Baskin DG, Barsh GS, Schwartz MW. Central Nervous System Control of Food

Intake and Body Weight. Nature 2006;443:289–295.

43. ^Morton GJ, Cummings DE, Baskin DG, Barsh GS, Schwartz MW. Central Nervous System Control of Food

Intake and Body Weight. Nature 2006;443:289–295. doi:10.1038/nature05026.

44. ^King BM. The Rise, Fall, and Resurrection of the Ventromedial Hypothalamus in the Regulation of Fee

ding Behavior and Body Weight. Physiol. Behav. 2006;87:221–244.

45. ^Blessing WW. Lower Brainstem Pathways Regulating Autonomic Out�ows. J. Neuroendocrinol. 2003;1

5:1223–1232.

46. ^Berthoud HR. Metabolic and Hedonic Drives in the Neural Control of Appetite: Who Is the Boss? Curr. O

pin. Neurobiol. 2011;21:888–896.

47. ^Spiegel K, Tasali E, Penev P, Van Cauter E. Brief Communication: Sleep Curtailment in Healthy Young

Men Is Associated with Decreased Leptin Levels and Increased Ghrelin Levels. Ann. Intern. Med. 2004;14

1:846–850.

48. a, bPeyron C, Tighe DK, Van den Pol AN, de Lecea L, Heller HC, Sutcli�e JG, Kildu� TS. Neurons Containi

ng Hypocretin (Orexin) Project to Multiple Neuronal Systems. J. Neurosci. 2000;20:8603–8615.

49. a, b, c, d, e, f, gSakurai T. The Neural Circuit of Orexin (Hypocretin): Maintaining Sleep and Wakefulness.

Nat. Rev. Neurosci. 2007;8:171–181.

50. ^Li Y, van den Pol AN. Di�erential Target-Dependent Actions of Orexin and Hypocretin on the Hypothal

amic Paraventricular Nucleus. J. Neurosci. 2006;26:13037–13047.

51. ^Scammell TE, Winrow CJ. Orexin Receptors: Pharmacology and Therapeutic Opportunities. Annu. Rev.

Pharmacol. Toxicol. 2011;51:243–266.

52. ^Burdakov D, Liss B, Ashcroft FM. Orexin Excites GABAergic Neurons of the Arcuate Nucleus by Activatin

g the Sodium–Calcium Exchanger. J. Neurosci. 2005;25:8271–8275.

53. ^Scammell TE. Narcolepsy. N. Engl. J. Med. 2015;373:2654–2662.

54. ^Yoshida K, McCormack S, España RA, Crocker A, Scammell TE. A�erents to the Orexin Neurons of the R

at Brain. J. Comp. Neurol. 2006;494:845–861.

55. ^Teske JA, Billington CJ, Kotz CM. Hypocretin/Orexin and Energy Expenditure. Acta Physiol. 2010;198:30

3–312. doi:10.1111/j.1748-1716.2010.02075.x.

56. ^Tsujino N, Sakurai T. Orexin/Hypocretin: A Neuropeptide at the Interface of Sleep, Energy Homeostasi

s, and Stress. Pharmacol. Rev. 2009;61:162–176.

qeios.com doi.org/10.32388/ZOZBH7 24

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


57. ^Johnson PL, Molosh A, Fitz SD, Truitt WA, Shekhar A. Orexin, Stress, and Anxiety/Panic States. Prog. Br

ain Res. 2012;198:133–161.

58. ^Barnden LR, Kwiatek R, Crouch B, Burnet R, Del Fante P. A Brain MRI Study of Chronic Fatigue Syndro

me: Evidence of Brainstem Dysfunction and Altered Homeostasis. NMR Biomed. 2015;28:1732–1743.

59. ^van der Schaaf ME, De Lange FP, Schmits IC, Geurts DEM, Roelofs K, van der Meer JWM, Toni I, Knoop

H. Prefrontal Structure Varies as a Function of Pain Symptoms in Chronic Fatigue Syndrome. Biol. Psych

iatry 2017;81:358–365. doi:10.1016/j.biopsych.2016.07.016.

60. ^Shan ZY, Kwiatek R, Burnet R, Del Fante P, Staines DR, Marshall-Gradisnik SM, Barnden LR. Progressi

ve Brain Changes in Patients with Chronic Fatigue Syndrome: A Longitudinal MRI Study. J. Magn. Reso

n. Imaging JMRI 2016;44:1301–1311. doi:10.1002/jmri.25283.

61. ^Rayhan RU, Stevens BW, Raksit MP, Ripple JA, Timbol CR, Adewuyi O, VanMeter JW, Baraniuk JN. Exerc

ise Challenge in Gulf War Illness Reveals Two Subgroups with Altered Brain Structure and Function. PLO

S ONE. 2013; 8: e63903. doi:10.1371/journal.pone.0063903.

62. ^van Campen CLMC, Verheugt FWA, Rowe PC, Visser FC. The Cardiac Output-Cerebral Blood Flow Relat

ionship Is Abnormal in Most Myalgic Encephalomyelitis/Chronic Fatigue Syndrome Patients with a Nor

mal Heart Rate and Blood Pressure Response During a Tilt Test. Healthc. Basel Switz.. 2024; 12: 2566. do

i:10.3390/healthcare12242566.

63. ^Ruiz-Núñez B, Tarasse R, Vogelaar EF, Janneke Dijck-Brouwer DA, Muskiet FAJ. Higher Prevalence of

“Low T3 Syndrome” in Patients With Chronic Fatigue Syndrome: A Case-Control Study. Front. Endocrin

ol.. 2018; 9: 97. doi:10.3389/fendo.2018.00097.

64. a, bBuchwald D, Umali J, Stene M. Insulin-like Growth Factor-I (Somatomedin C) Levels in Chronic Fati

gue Syn-drome and Fibromyalgia. J. Rheumatol.. 1996; 23: 739–742.

65. ^Cleare AJ. The Neuroendocrinology of Chronic Fatigue Syndrome. Endocr. Rev.. 2003; 24: 236–252. do

i:10.1210/er.2002-0014.

66. ^Jackson ML, Bruck D. Sleep Abnormalities in Chronic Fatigue Syndrome/Myalgic Encephalomyelitis: A

Review. J. Clin. Sleep Med. JCSM O�. Publ. Am. Acad. Sleep Med.. 2012; 8: 719–728. doi:10.5664/jcsm.227

6.

67. ^Cambras T, Castro-Marrero J, Zaragoza MC, Díez-Noguera A, Alegre J. Circadian Rhythm Abnormaliti

es and Autonomic Dysfunction in Patients with Chronic Fatigue Syndrome/Myalgic Encephalomyelitis.

PloS One. 2018; 13: e0198106. doi:10.1371/journal.pone.0198106.

qeios.com doi.org/10.32388/ZOZBH7 25

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


68. ^Wul� K, Gatti S, Wettstein JG, Foster RG. Sleep and Circadian Rhythm Disruption in Psychiatric and Neu

ro-degenerative Disease. Nat. Rev. Neurosci.. 2010; 11: 589–599. doi:10.1038/nrn2868.

69. ^Neu D, Cappeliez B, Ho�mann G, Verbanck P, Linkowski P, Le Bon O. High Slow-Wave Sleep and Low-

Light Sleep: Chronic Fatigue Syndrome Is Not Likely to Be a Primary Sleep Disorder. J. Clin. Neurophysio

l.. 2009; 26: 207–212. doi:10.1097/WNP.0b013e3181a1841b.

70. a, b, c, dChie� S, Carotenuto M, Monda V, Valenzano A, Villano I, Precenzano F, Tafuri D, Salerno M, Fili

ppi N, Nuccio F, et al. Orexin System: The Key for a Healthy Life. Front. Physiol.. 2017; 8. doi:10.3389/fph

ys.2017.00357.

71. a, bWang Q, Cao F, Wu Y. Orexinergic System in Neurodegenerative Diseases. Front. Aging Neurosci.. 202

1; 13: 713201. doi:10.3389/fnagi.2021.713201.

72. ^Maness C, Saini P, Bliwise DL, Olvera V, Rye DB, Trotti LM. Systemic Exertion Intolerance Disease/Chro

nic Fatigue Syndrome Is Common in Sleep Centre Patients with Hypersomnolence: A Retrospective Pilot

Study. J. Sleep Res.. 2019; 28: e12689. doi:10.1111/jsr.12689.

73. ^Burfeind KG, Yadav V, Marks DL. Hypothalamic Dysfunction and Multiple Sclerosis: Implications for Fa

tigue and Weight Dysregulation. Curr. Neurol. Neurosci. Rep.. 2016; 16: 98. doi:10.1007/s11910-016-070

0-3.

74. ^Suzuki K, Miyamoto M, Miyamoto T, Matsubara T, Inoue Y, Iijima M, Mizuno S, Horie J, Hirata K, Shi

mizu T, et al. Cerebrospinal Fluid Orexin-A Levels in Systemic Lupus Erythematosus Patients Presenting

with Excessive Daytime Sleepiness. Lupus. 2018; 27: 1847–1853. doi:10.1177/0961203318778767.

75. a, b, c, d, e, f, g, h, iCorbitt M, Eaton-Fitch N, Staines D, Cabanas H, Marshall‐Gradisnik S. A Systematic Re

view of Cytokines in Chronic Fatigue Syndrome/Myalgic Encephalomyelitis/Systemic Exertion Intoleran

ce Disease (CFS/ME/SEID). BMC Neurol.. 2019; 19. doi:10.1186/s12883-019-1433-0.

76. a, b, cLindvall JM, Olsson-Engman M, Holmgren E, Fernell E, Gillberg C, Wentz E. Orexin/Hypocretin Sys

tem Dysfunction in ESSENCE (Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Exa

minations). Neuropsychiatr. Dis. Treat.. 2022; 18: 2371–2380.

77. a, bHagan JJ, Leslie RA, Patel S, Evans ML, Wattam TA, Holmes S. Orexin A Activates Locus Coeruleus Cell

Firing and Increases Arousal in the Rat. Proc. Natl. Acad. Sci.. 1999; 96: 10911–10916.

78. a, b, c, d, eCouvineau A, Voisin T, Nicole P, Gratio V, Abad C, Tan Y. Orexins as Novel Therapeutic Targets

in In�ammatory and Neurodegenerative Diseases. Front. Endocrinol.. 2019; 10. doi:10.3389/fendo.2019.

00709.

qeios.com doi.org/10.32388/ZOZBH7 26

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


79. ^Spinazzi R, Andreis PG, Rossi GP, Nussdorfer GG. Orexins in the Regulation of the Hypothalam-ic-Pitui

tary-Adrenal Axis. Pharmacol. Rev.. 2006; 58: 46–57. doi:10.1124/pr.58.1.4.

80. a, b, c, d, e, f, g, hMilrad SF, Hall DL, Lattie EG, Ironson G, Wohlgemuth WK, Vera-Nunez MA, Garcia L, Cz

aja SJ, Per-domo D, Fletcher MA, et al. Poor Sleep Quality Is Associated With Greater Circulating Pro-Inf

lammatory Cytokines and Severity and Frequency of Chronic Fatigue Syndrome/Myalgic Encephalomye

litis (CFS/ME) Symptoms in Women. J. Neuroimmunol.. 2017. doi:10.1016/j.jneuroim.2016.12.008.

81. ^Louati K, Bérenbaum F. Fatigue in Chronic In�ammation - A Link to Pain Pathways. Arthritis Res. The

r.. 2015. doi:10.1186/s13075-015-0784-1.

82. ^Nakatomi Y, Mizuno K, Ishii A, Wada Y, Tanaka M, Tazawa S, Onoe K, Fukuda S, Kawabe J, Takahashi

K, et al. Neuroin�ammation in Patients with Chronic Fatigue Syndrome/Myalgic Encephalomyelitis: An

11C-(R)-PK11195 PET Study. J. Nucl. Med. O�. Publ. Soc. Nucl. Med.. 2014; 55: 945–950. doi:10.2967/jnu

med.113.131045.

83. ^Dauvilliers Y. Hypocretin/Orexin, Sleep and Alzheimer’s Disease. Front. Neurol. Neurosci.. 2021; 45: 139

–149. doi:10.1159/000514967.

84. ^Overeem S, Scammell TE, Lammers GJ. Hypocretin/Orexin and Sleep: Implications for the Pathophysiol

ogy and Diagnosis of Narcolepsy. Curr. Opin. Neurol.. 2002; 15: 739–745. doi:10.1097/01.wco.00000448

00.53746.5a.

85. a, b, cCohen S, Ifergane G, Vainer E, Matar MA, Kaplan Z, Zohar J, Mathé AA, Cohen H. The Wake-Promo

ting Drug Moda�nil Stimulates Speci�c Hypothalamic Circuits to Promote Adaptive Stress Responses in

an Animal Model of PTSD. Transl. Psychiatry. 2016; 6: e917. doi:10.1038/tp.2016.172.

86. ^Mackay A, Tate WP. A Compromised Paraventricular Nucleus Within a Dysfunctional Hypothalamus: A

Novel Neuroin�ammatory Paradigm for Me/Cfs. Int. J. Immunopathol. Pharmacol.. 2018; 32. doi:10.117

7/2058738418812342.

87. ^Morris G, Berk M, Galecki P, Walder K, Maes M. The Neuro-Immune Pathophysiology of Central and P

eripheral Fatigue in Systemic Immune-In�ammatory and Neuro-Immune Diseases. Mol. Neurobiol.. 2

016; 53: 1195–1219. doi:10.1007/s12035-015-9090-9.

88. ^Younger J, Parkitny L, McLain D. The Use of Low-Dose Naltrexone (LDN) as a Novel Anti-In�ammator

y Treat-ment for Chronic Pain. Clin. Rheumatol.. 2014; 33: 451–459. doi:10.1007/s10067-014-2517-2.

89. ^Li J, Hu Z, de Lecea L. The Hypocretins/Orexins: Integrators of Multiple Physiological Functions. Br. J. P

harmacol.. 2013; 171: 332–350. doi:10.1111/bph.12415.

qeios.com doi.org/10.32388/ZOZBH7 27

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


90. a, bWyller VB, Evang JA, Godang K, Solhjell KK, Bollerslev J. Hormonal Alterations in Adolescent Chronic

Fa-tigue Syndrome. Acta Paediatr. Oslo Nor. 1992. 2010; 99: 770–773. doi:10.1111/j.1651-2227.2010.017

01.x.

91. a, bHatziagelaki E, Adamaki M, Tsilioni I, Dimitriadis G, Theoharides TC. Myalgic Encephalomyelitis/Ch

ronic Fatigue Syndrome-Metabolic Disease or Disturbed Homeostasis Due to Focal In�ammation in the

Hypothalamus? J Pharmacol Exp Ther. 2018;367:155–167. doi:10.1124/jpet.118.250845.

92. a, b, cMyhill S, Booth NE, McLaren-Howard J. Targeting Mitochondrial Dysfunction in the Treatment of

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS): A Clinical Study. Int J Clin Exp Med. 2

013;6:1–15.

93. a, bBooth NE, Myhill S, McLaren-Howard J. Mitochondrial Dysfunction and the Pathophysiology of Mya

lgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS). Int J Clin Exp Med. 2012;5:208–220.

94. ^Rahman SA, St Hilaire MA, Gron�er C, Chang AM, Santhi N, Czeisler CA, Klerman EB, Lockley SW. Func

tional Decoupling of Melatonin Suppression and Circadian Phase Resetting in Humans. J Physiol. 2018;5

96:2147–2157. doi:10.1113/JP275501.

95. ^Wul� K, Dijk DJ, Middleton B, Foster RG, Joyce EM. Sleep and Circadian Rhythm Disruption in Schizoph

renia. Br J Psychiatry J Ment Sci. 2012;200:308–316. doi:10.1192/bjp.bp.111.096321.

96. ^Ayumu I, A Y. The Physiological Role of Orexin/Hypocretin Neurons in the Regulation of Sleep/Wakeful

ness and Neuroendocrine Functions. Front Endocrinol. 2013. doi:10.3389/fendo.2013.00018.

97. ^Barnden LR, Kwiatek R, Crouch B, Burnet R, Del Fante P. A Brain MRI Study of Chronic Fatigue Syndro

me: Evidence of Brainstem Dysfunction and Altered Homeostasis. NMR Biomed. 2015;28:1732–1743.

98. ^Jonsjö MA, Olsson GL, Wicksell RK, Alving K, Holmström L, Andreasson A. The Role of Low-Grade In�a

mmation in ME/CFS - Associations with Symptoms. Psychoneuroendocrinology. 2020;113:104578. doi:1

0.1016/j.psyneuen.2019.104578.

99. ^Liguori C, Mercuri N, Nuccetelli M, Izzi F, Bernardini S, Placidi F. Cerebrospinal Fluid Orexin Levels and

Nocturnal Sleep Disruption in Alzheimer’s Disease Patients Showing Neuropsychiatric Symptoms. J Alzh

eimers Dis. 2018;66:993–999. doi:10.3233/jad-180769.

100. a, bBaron K, Du�ecy J, Berendsen M, Mason I, Lattie E, Manalo N. Feeling Validated yet? A Scoping Revi

ew of the Use of Consumer-Targeted Wearable and Mobile Technology to Measure and Improve Sleep.

Sleep Med Rev. 2018;40:151–159. doi:10.1016/j.smrv.2017.12.002.

101. a, b, cNajib J, Toderika Y, Dima L. Daridorexant, an Orexin Receptor Antagonist for the Management of I

nsomnia. Am J Ther. 2023;30:e360–e368. doi:10.1097/mjt.0000000000001647.

qeios.com doi.org/10.32388/ZOZBH7 28

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


102. a, bChepke C, Jain R, Rosenberg R, Moline M, Yardley J, Pinner K, Kumar D, Perdomo C, Filippov G, Atkin

s N, et al. Improvement in Fatigue and Sleep Measures with the Dual Orexin Receptor Antagonist Lembo

rexant in Adults with Insomnia Disorder. Postgrad Med. 2022;134:316–325. doi:10.1080/00325481.202

2.2049553.

103. ^Chakraborty D, Choudhury S, Lahiry S. Daridorexant, a Recently Approved Dual Orexin Receptor Antag

onists (DORA) in Treatment of Insomnia. Sleep Sci. 2023;16:256–264. doi:10.1055/s-0043-1770805.

104. a, bGarg H, Douglas M, Turkington GD, Turkington D. Recovery from Refractory Chronic Fatigue Syndro

me with CBT and Moda�nil. BMJ Case Rep. 2021;14:e240283. doi:10.1136/bcr-2020-240283.

105. ^Minzenberg MJ, Carter CS. Moda�nil: A Review of Neurochemical Actions and E�ects on Cognition. Ne

uropsychopharmacology. 2008;33:1477–1502. doi:10.1038/sj.npp.1301534.

106. ^Becquet L, Abad C, Leclercq M, Miel C, Jean L, Riou G, Couvineau A, Boyer O, Tan Y. Systemic Admin-is

tration of Orexin a Ameliorates Established Experimental Autoimmune Encephalomyelitis by Diminishi

ng Neuroin�ammation. J Neuroin�ammation. 2019;16. doi:10.1186/s12974-019-1447-y.

107. ^Macovei AL, Dobrin I, Chiriță V, Burlui A, Dobrin PR, Rezuş E. Chronic Fatigue and Psychiatric Comorbi

d-ities in Patients With Rheumatic Disorders. Bull Integr Psychiatry. 2019;25:81–88. doi:10.36219/bpi.2

019.03.08.

108. ^Rozich JJ, Holmer AK, Singh S. E�ect of Lifestyle Factors on Outcomes in Patients With In�ammatory B

owel Diseases. Am J Gastroenterol. 2020;115:832–840. doi:10.14309/ajg.0000000000000608.

109. ^Wendt A, Costa C, Machado AKF, Costa FS, Neves RG, Flores TR, Wehrmeister FC. Sleep Disturbances an

d Daytime Fatigue: Data From the Brazilian National Health Survey, 2013. Cad Saúde Pública. 2019;35.

doi:10.1590/0102-311x00086918.

110. ^O’Connor K, Sunnquist M, Nicholson L, Jason LA, Newton JL, Strand EB. Energy Envelope Maintenance

Among Patients With Myalgic Encephalomyelitis and Chronic Fatigue Syndrome: Implications of Limite

d Energy Reserves. Chronic Illn. 2017;15:51–60. doi:10.1177/1742395317746470.

111. ^Carrasco-Querol N, Serra GG, Hernández NB, Gonçalves AQ, Cazalla MP, Pino PB d, Curto PM, Angelat

s RC, Anguera IF, Sol MCS, et al. E�ectiveness and Health Bene�ts of a Nutritional, Chronobiological an

d Physical Exercise Primary Care Intervention in Fibromyalgia and Chronic Fatigue Syndrome: SYNCHR

ONIZE + Mixed-Methods Study Protocol. Medicine (Baltimore). 2023;102:e33637. doi:10.1097/md.0000

000000033637.

112. ^Fluge Ø, Mella O, Bruland O, Risa K, Dyrstad SE, Alme K, Rekeland IG, Sapkota D, Røsland GV, Fosså A,

et al. Metabolic Pro�ling Indicates Impaired Pyruvate Dehydrogenase Function in Myalgic Encephalopa

qeios.com doi.org/10.32388/ZOZBH7 29

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


thy/Chronic Fatigue Syndrome. JCI Insight. 2016;1:e89376. doi:10.1172/jci.insight.89376.

113. ^Tate W, Walker M, Sweetman E, Helliwell A, Peppercorn K, Edgar C, Blair A, Chatterjee A. Molecular M

echanisms of Neuroin�ammation in ME/CFS and Long COVID to Sustain Disease and Promote Relapses.

Front Neurol. 2022;13:877772. doi:10.3389/fneur.2022.877772.

114. a, bDhabalia R, Kashikar SV, Parihar PS, Mishra G. Unveiling the Intricacies: A Comprehensive Review of

Magnetic Resonance Imaging (MRI) Assessment of T2-Weighted Hyperintensities in the Neuroimaging

Landscape. Cureus. 2024. doi:10.7759/cureus.54808.

115. ^Bayard S, Dauvilliers Y. Decision Making and Addictive Behaviors in Narcolepsy With Cataplexy. Sleep

Biol Rhythms. 2013;11:62–64. doi:10.1111/j.1479-8425.2012.00555.x.

116. ^Cheong RY, Gabery S, Petersén Å. The Role of Hypothalamic Pathology for Non-Motor Features of Hun

ting-ton’s Disease. J Huntingt Dis. 2019;8:375–391. doi:10.3233/jhd-190372.

117. ^Ran X, Shi J, Chen Y, Jiang K. Multimodal Neuroimage Data Fusion Based on Multikernel Learning in P

erson-alized Medicine. Front Pharmacol. 2022;13. doi:10.3389/fphar.2022.947657.

118. ^Galderisi S. Precision Medicine in Psychosis: Translating Findings From Research Into Clinical Practice.

Eur Psychiatry. 2021;64:S70–S70. doi:10.1192/j.eurpsy.2021.218.

119. ^Rudro� T. The Untapped Potential of Dimension Reduction in Neuroimaging: Arti�cial Intelligence-Dr

iven Multimodal Analysis of Long COVID Fatigue. Brain Sci. 2024;14:1209. doi:10.3390/brainsci1412120

9.

120. a, b, cByrne H, Josev EK, Knight SJ, Scheinberg A, Rowe K, Lubitz L, Seal ML. Hypothalamus Volumes in A

do-lescent Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (Me/Cfs): Impact of Self-Reported Fa

tigue and Ill-ness Duration. Brain Struct Funct. 2023;228:1741–1754. doi:10.1007/s00429-023-02682-

3.

121. ^Ghanemi A, Hu X. Targeting the Orexinergic System: Mainly but Not Only for Sleep-Wakefulness Thera

pies. Alex. J. Med. 2015; 51: 279–286. doi:10.1016/j.ajme.2014.07.002.

122. ^Smyth A. Pilot Feasibility and Acceptability Study Evaluating Use of Group CBT-I in Improving Sleep a

nd Fatigue in Older Adults. Australas. J. Ageing 2023; 42: 728–735. doi:10.1111/ajag.13233.

123. ^Stoney C, Twery M, Mensah G. Implementation Science in Sleep Medicine: Commentary on Parthasara

thy et al., Sleep 2016; 39(12):2061–2075, Implementation of Sleep and Circadian Science: Recommenda

tions from the Sleep Research Society and National Institutes of Health Workshop. Sleep 2017; 40. doi:1

0.1093/sleep/zsx026.

qeios.com doi.org/10.32388/ZOZBH7 30

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7


124. ^Williams N, Trevorrow T. Translational Sleep Science in Behavioral Medicine: Introduction to This Spe

cial Issue. Int. J. Behav. Med. 2021; 28: 1–5. doi:10.1007/s12529-020-09953-x.

125. ^Chopra A, Patel R, Das P. Neurobiology of Sleep and Wakefulness. 2020, 23–40, doi:10.1093/med/9780

190929671.003.0003.

126. ^Booth NE, Myhill S, McLaren-Howard J. Mitochondrial Dysfunction and the Pathophysiology of Myalg

ic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS). Int. J. Clin. Exp. Med. 2012; 5: 208–220.

Declarations

Funding: No speci�c funding was received for this work.

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/ZOZBH7 31

https://www.qeios.com/
https://doi.org/10.32388/ZOZBH7

